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The Man for the Job 


One weak point in every democracy, particularly when 
poorly understood and practised, is the belief among those who 
control political patronage that any man can do any job as 
well as any other man. The scientific man believes that a man 
must be trained for the job; hence his profound respect for the 
expert. Nothing in his opinion will advance our national 
strength and well-being so much as the ability of enlightened 
public ‘opinion to differentiate between the expert and the 
clumsy product of political patronage. A motto of the Allies 
in the World War was: make the world safe for democracy. 
. . . It is even more important to “make democracy safe for 
the world”’ by the dissemination of scientific knowledge for the 
benefit of national strength and well-being. 


MICHAEL PUPIN 


(in “‘From Immigrant to Inventor’’) 
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Contributors to this Issue 


C. F. Hirshfeld and Frank OO. 
Ellenwood are co-authors of the paper in 
this issue on High Pressure, Reheating, and 
Regenerating for Steam Power Plants. Mr. 
Hirshfeld was graduated from the University 
of California in 1902 with the degree of B.S. 
He was instructor and professor in Sibley 
College, Cornell University, 1903-1913. Since 
that time he has been chief of the Research 
Department of The Detroit Edison Company. 
He has also practiced miscellaneous consult- 
He attained the 
S. Army 


ing engineering since 1900. 
rank of lieutenant colonel in the U 
during the World War. 

Professor Ellenwood was graduated from 
the mechanical engineering department of 
Stanford University in 1904, and spent the 
next four years with C. C. Moore & Co., of 
San Francisco, the Tonopah Railroad Co., 
of Tonopah, Nev., and the American Smelt- 
ing & Refining Co., San Francisco. From 
1908 to 1911 he was an instructor at Stanford 
University. From 1911 to 1916 he was 
assistant professor of heat power engineering 
at Cornell University, and since 1916 he has 
been professor in that department. 


- * * * * 


W. H. Rastall, chief of the industrial 
machinery division of the Bureau of Foreign 
and Domestic Commerce since 1921, is the 
author of the paper on The Export Problem 
of the Machine-Tool Industry. Mr. Rastall 
received his M.E. degree from Cornell Uni- 
versity in 1904. For the next seven years 
he acted as resident engineer for the American 
Trading Co. in Kobe, Japan. Upon his re- 
turn to this country he became sales engineer 
for the Worthington Pump & Machinery 
Corporation. In 1917 Mr. Rastall joined the 
Bureau of Aircraft Production as aeronautical 
mechanical engineer. From 1918 to 1921 he 
was engaged in investigating the markets for 
industrial machinery in Asia. 
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B. H. Blood, whose paper discusses some 
possibilities and limitations on extreme ac- 


curacy in manufacturing work, is general 


manager of Pratt & Whitney Co., Hartford, 
Conn. He was graduated’ from Cornell 
University in 1889 (M.E.—E.E.), after serv- 
ing an apprenticeship in the machinist’s 
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in 1917 he served as master mechanic at 
Watervliet Arsenal, and as works superinten- 
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dent with the Celluloid Co. 
particular study to problems of high-pre- 


He has given 


cision measuring and manufacturing work in 
the machine shop. 


* *” * * * 


H. E. Birch and H. V. Coes contribute 
an article on Coal-Storage Systems. Mr. 
Birch, engineering manager of the R. H. 
Beaumont Co., Philadelphia, Pa., was edu 
cated in the public schools of Philadelphia 
and in 1910 entered the employ of the D’Olier 
Engineering Co., of that city. At the close 
of that year he became connected with the 
R. H. Beaumont Co. Since 1914 he has had 
continuous charge of all designs produced by 
the company. 

Mr. Coes, manager of the Philadelphia 
office of Ford, Bacon & Davis, Inc., was 
graduated from the Massachusetts Institute 
of Technology in 1906. His first connection 
was with the Liquid Carbonic Co., of Chicago. 
Later he was associated with the firm of 
Lockwood, Greene & Co., Boston, Mass. 
His next position was as vice-president and 
general manager of the Sentinel Manufactur- 
ing Co., New Haven, Conn., from which he 
resigned in 1914 to become associated with 
Gunn, Richards & Co., in the reorganization of 
munitions plants in Canada. Since 1917 Mr. 
Coes has been connected with Ford, Bacon & 
Davis. 

* + * « « 


D. Basch and M. F. Sayre present in this 
issue a paper on Resistance of Various 
Aluminum Alloys to Salt-Water Corrosion. 
Mr. Basch received his technical training in 
the University of Berlin and the Polytechni- 
cum, Charlottenburg, Germany, being grad- 
uated as an electrical and mechanical engi- 
neer. Since 1900 he has been connected with 
the General Electric Co., first as electrical 
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engineer and then as research engineer o1 
metals and processes. 

Mr. Sayre is assistant professor of appli 
mechanics in Union College, Schenectady 
mn. S. 


University in 1907 and after three years 


He received his E.M. from Columbia 


practical experience returned as an assistant 
receiving an M.A. in 1911. From 1911 
1913 Professor Sayre was construction supe! 
intendent with the Croton Magnetic I: 
Mines, Brewster, N. Y. In 1914 he becam 
an instructor in Union College, where h« 





now in charge of work in mechanics of m 
terials, hydraulics, and heat engines. Fi 
the past four years he has also been engagi 
as consultant on research work by the Gene: 
Electric Co 
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Henry A. Gardner, who writes on R 

cent Observations Regarding the Corrosio: 





Cleaning, and Protection of Aluminum, h 
been Director of the Scientific Section of t! 
Paint Manufacturers’ Association of 1t 
United States for fifteen years, and is 1 

conducting research work for this organi 

tion and the Educational Bureau of ¢ 
Varnish Mfrs’. Assoc. of the United Stat 


* * * * + 


A. W. Benoit is the author of Orga 
zation and Construction of Woolen Mi 
After being graduated from the Lawre: 
Mass., high school he was employed by 
Pacific Mills, of Lawrence for two years 
1903 he entered Tufts College in the dep 
ment of civil engineering and was graduat 
with the degree of B.S. in 1907. Mr. Ber 
was employed by William Wheeler, consult 
engineer, of Boston, until 1909, doing both 
office and field work. Since then he has bevn 
in the employ of Chas. T. Main, Bost 
Mass., as textile engineer. 





issues of the A.S.M.E. News. 





A.S.M.E. Spring Meeting 
Cleveland, Ohio, May 26-29, 1924 


One of the features of the Meeting will be the presentation of a paper 
on The Mercury-Vapor Process by W. 
for the General Electric Co. at Schenectady. This will be the first formal 
presentation of this subject that Mr. Emmet has given. 

Details of the program, as they are arranged, are given in the current 


L. R. Emmet, consulting engineer 
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The “Dobbin” —A Repair Shop Afloat 


The Purpose of Which is to Provide Facilities Ample for Carrying Out Any Work Required on 
Instruments or Machinery Aboard Destroyers of the U. S. Navy 


UNDREDS of years before Columbus, in the days when the 

H hardy Norsemen made their trips to Vinland in America, 

the mariners’ encyclopedia of those days, The Book of Hlaf 

the Woman, strictly enjoined the captain to ‘“‘mind his gear.”’ It 

was not a difficult matter to do in those days of elementary navi- 

gation, as the whole gear consisted only of a few odds and ends of 
tools and ropes, with perhaps a barrel of pitch thrown in. 

It is a far ery, however, from those days to the highly compli- 
cated and specialized machinery of the modern navy, which includes 
such apparently diversi- 
fied products as a gyro- 


SCOpM compass, and 
naval chronometer on 
the one hand and huge 


turbines and steam gen- 
erators on the other. 
For a long time the 
U.S. Navy has felt that, 
should it be called upon 
to undertake operations 
abroad, especially in 
ices remote from 





adequate machine-shop 
facilities, there might be 
difficulty in keeping the 
machinery and = instru- 

nts on shipboard in 
shape, especially in. the 
case of destroyers and 
submarines, and in 
quickly effecting the 
hecessary repairs. 

Such was the case, 
ng other things, 

ring the recent war 
When a number of the 
ler American Navy 
units Were operating off 
uropean shores, and the idea of the Dobbin and its sister ship the 
Ih itney was the outcome of that experience. 


THe Purpose or A FLoatinc Reparr SHop 


{he purpose of a floating repair shop like the Dobbin is to provide 
lacilities ample for carrying out any work that may be required on 
iistruments and for repairing parts of machinery that are not too 
large to be handled by its equipment. In the American Navy 
all ships have a complete set of blueprints of the machinery on 
board, ineluding those of every part on the ship. The majority 
ol these ships have also a set of Van Dykes so that reproductions 
lor the shops can be made. If a part gets broken or wears out 
it is a comparatively simple matter for the ship to send to the 
th iting repair shop the information necessary to repair or replace 
the part, provided the necessary facilities are available on ship- 
board, 

The Dobbin and her sister ships, of which only one, the Whitney, 


ha- been laid down, are, however, more than mere repair shops 
lor machinery. They are mother ships for destroyer flotillas in 
more than one sense and represent in fact an attitude of mind 
toward destroyer operation entirely different from that which 
prevailed, say, a score of years ago. A destroyer is a comparatively 





Fic. 1 Repuction Gear, U.S. 8. “DorBin” 


small vessel carrying an amount of machinery entirely out of 
proportion to its size. Because of this there is extremely little 
room on board to devote to the comfort of human beings, and as 
the hero of Kipling’s “Their Lawful Occasions’’—a destroyer 
commander himself—expressed it, ‘‘they don’t shave on destroyers 
and don’t wash much.” Worse than that, however, the destroyers 
are lacking not only in such comforts as laundry facilities but even 
in facilities for rendering medical help beyond merely first aid. 
If a man on a destrover became sick, had a toothache, or broke 
an arm, all he could do 
was to suffer, unless 
accidentally the de- 
stroyer met a larger 
vessel, to which he could 
be transferred. Worse 
still, however, men with 
contagious diseases, 
sometimes of the most 
unwholesome kind, had 
to be kept on board, 
gravely endangering the 
remainder of the crew. 
The lack of such facilities 
as laundries may not be 
serious for destroyers 
operating in proximity 
to their bases, but in 
foreign service it be- 
comes a really serious 
matter. One of the pur- 
poses of the Dobbin is to 
take care of this situa- 
tion, which is apt to 
materially affect the 
efficiency of a destroyer 
force. 

The hospital facilities 
of the Dobbin are of a 
very complete character, considering the limitations of space, and 
comprise an operating room, full dental equipment, a pharmaceutical 
department, a sick bay for ordinary diseases and another one for 
contagious diseases, a barber shop, ete. 

In addition to these there are a number of facilities provided 
for improving living conditions on board ship, facilities which are 
taken for granted by men on shore, but the lack of which is seriously 
felt under certain conditions. The mechanical laundry has already 
been referred to. Another facility is the bakery, capable of supply- 
ing destroyers not only with fresh bread but even with cakes and 
cookies, a matter of considerable importance to young men away 
from shore for weeks at a time. Ice-making machines on the ship 
stand ready to provide the men with fresh meats and cold-storage 
foods, of very great value in southern climes. A small library 
is ready to relieve the tedium of life on board, and a recreation 
room is available for those of the men who ean visit the ship. 

In addition to this the Dobbin is prepared to act as a source of 
supplies for the destroyer flotilla, and carries everything that a 
destroyer may need in the way of equipment from engineer’s stores 
down to torpedos, as well as a certain amount of fuel oil. 

As a machine shop, or better, as a combination of shops, the 
Dobbin is very complete, and one cannot but marvel at the ingenuity 
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Fic. 3 Layout or Toots 1n Optica SuHop, U. S. 8. “DoBBINn” 


1, Engine lathe 12 in. by 6 ft.; 2, toolmaker's lathe, 10 in. by 3 ft. 6 in. centers; 


3, precision bench lathe with cabinet; 4, milling machine; 5, sensitive bench drill; 6, 


ch grinder; 8, wet and dry grinder; 10, watchmaker’s lathe; 11, bench milling machine. The equipment also comprises a Dumar portable grinder and a portable 


thng motor.) 


displayed in installing such an assortment of varied and at times 
quite heavy material in the space available, especially in view of 
certain limitations which have to be taken into consideration, 

The Navy fully realizes that the efficiency of its vessels depends 
1 their ability to maintain their equipment in good order under 
the wear and tear of war conditions, especially in foreign service. 
The principle underlying the entire design of the Dobbin and her 
sister ship is expressed in the part of the specification referring to 
the tools, which reads as follows: “All tools will be of the best 
design, material, quality and workmanship; will have the latest 
linprovements and all necessary attachments and wrenches.” 
Nothing but the best is good enough for the Navy, and nothing but 
the best should be used under conditions where the safety of the 
men and perhaps the country may depend on the efficiency of the 
Navy units. 


THE Power PLANT OF THE ‘“‘DoBBIN”’ 


Che Dobbin is equipped with cross-compound-type turbines. 
One propeller shaft is driven through gearing by one high-pressure 
and one low-pressure turbine. In the casing of each turbine there 
is fitted an astern turbine capable of developing 50 per cent of 
the full power ahead. The gage boiler pressure is 215 lb., the 
steam pressure (gage) at the high-pressure turbine 200 Ib., and the 
r.p.mn. 105, Under these conditions the plant will deliver to the 
propeller 7000 shaft hp., which will give the ship a speed of 16 
knots. In the engine room are installed two 200-kw. and one 
100-kw, turbo-generators which will operate at 125 volts d.c. 

Steam is supplied the turbines by two water-tube boilers, express 
type, equipped only for fuel oil and having a total heating surface 
of 14,400 sq. ft. 


The line shaft, of forged steel, is in three sections, and is supported 
by six self-oiled spring bearings. The diameter of the shaft is 16°/s 
in.; the coupling disks are 30'/2 in. in diameter and 31/2 in. thick. 
The diameter of the propeller shaft in the stern tube is 18*/s in.; its 
diameter forward is 17!/2 in. 

The difficult problem in the design of such a ship as the Dobbin 
floating workshop is to accommodate the equipment necessary in 
the comparatively limited space of a ship. In the present instance 
the major divisions of the ship comprise a hospital, a foundry and 
coppersmith shop, an optical shop—in which will be located watch- 
repair equipment; a pattern shop; blacksmith, shipfitter and car- 
penter shops; torpedo-repair, shoe-repair, and machine shops. 

Ventilation is taken care of by a pressure system, the supply of 
fresh air being drawn from the upper deck and discharged into the 
rooms. In cold weather the air is discharged through steam- 
heated coils. Means for humidifying the warmed air are provided. 

The lighting is accomplished by incandescent lights and a gener- 
ous distribution of sockets into which the portable lights can be 
inserted. 


Tue SHops AND THEIR EQUIPMENT 


In laying out the machine shop the difficulty encountered was 
the fact that some of the floor space had to be left free, or at least 
quickly available. This refers practically to the hatches indicated 
on Fig. 2 and specially to the large torpedo hatch right in the 
middle of the floor. 

The conditions were such as to make the use of an overhead 
crane unsuitable and therefore an overhead trolley track was 
provided. The layout of the machine shop is shown in Fig. 2; 
to the left of this are the gyro-repair shop and electrical repair 
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Fic. 4 


Layout OF MACHINERY IN FOUNDRY AND COPPERSMITH SHop oF U. 


S. S. “Dossrn”’ 


(1, Marine tilting crucible furnaces; 2, 50-gal. fuel-oil tank; 3, 11/2-ton cupola; 4, cupola blower; 5, work bench; 6, motor-driven hydraulic pump; 7, hand shear; 8 copper 
smith’s fuel-oil furnace; 9, 35-ton hydraulic pipe-bending machine; 10, portable oxy-acetylene welding outfit; 11, hand pipe-bending machine; 12, work bench with vis« 
13, tin: mith rolls; 14, molder’s bin and pattern shelf; 15, core oven; 16, coremaker’s bench; 17, slop sink.) 


shop, and to the right are the ship’s office and drafting room, the 
latter being equipped with complete blueprinting facilities. 

As regards the machine shop, attention may be called to the great 
care which has been taken to make operations safe. All machines 
are equipped with safety devices and guards. The lathes have a 
complete set of change gears for cutting U. 8. Navy standard screw 
threads, including 11'/, threads per inch. The majority of the 
machine tools are driven by independent semi-enclosed variable- 
speed electric motors. The lathes are provided with reversible 
drum-type controllers attached to the carriage. All motors are 
direct-connected without the intervention of belting. 

The machine shop is divided into three main sections, the gyro 
repair shop containing some smail tools and test panels, as well as 
other electric equipment for gyro-compass repair and testing. The 


electrical shop has such equipment as a coil-winding machine, tapinz 
machine, paper cutter, spreader and armature-coil winder, te-t 
panels, and two bake ovens, in addition to small tools, includi: 
precision lathes, and a machine shop proper with a remarkab! 
complete equipment considering the space available. This equi; 
ment comprises such tools as a 36-in. by 60-in. by 16-ft. extensio1 
gap lathe, several regular engine lathes, an open-side plan 
a 34-in. vertical turret lathe, a 34-in. vertical boring mill, a 72-in. 
horizontal boring, drilling, and milling machine, a 2'/:-in. * 24-i! 
flat turret lathe, drill presses, milling machines, tool and univers:! 
grinders, compressed air, oxy-acetylene outfit, etc., and a_blue- 
printing machine with washer and drier. 

The layout of the optical shop, together with the list of tools, 
as shown in Fig. 3, is an example of what can be accomplished in 
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Fic. 5 ARRANGEMENT OF 
limited floor space when both care and good judgment are used. 
The foundry, shown in Fig. 4, is of interest as being probably 
‘largest foundry afloat. Its equipment comprises, among other 
ings, two marine tilting crucible furnaces for melting non-ferrous 
etals, a 1'/+-ton cupola, a 35-ton hydraulic pipe-bending machine 
with a motor-driven hydraulic pump, a smaller hand pipe-bending 
iiachine, a coppersmith fuel-oil furnace, and a considerable amount 
o! smaller equipment. The foundry is also equipped with an over- 
head trolley track. 


THE RepucTION GEAR 


\n interesting feature of the Dobbin is its immense reduction gear, 
one of the largest in existence. This gear, shown in Figs. 1 and 5, 


Was built at the Philadelphia Navy Yard from designs supplied by 
the Parsons Marine Steam Turbine Co., and developed by the Yard 





Matin RepuctTion GEAR AND Turust BRARING, U. 8, S. 


“WHITNEY” AND “DoBBIN”’ 

for manufacturing purposes. The fact that the Navy Yard, 
without any previous experience in the manufacture of this type of 
huge gears, has been able to carry through the job to a successful 
conclusion, speaks well for the ability of its personnel to handle 
difficult mechanical problems. The gear has a pitch-circle diameter 
of 146 in. and 679 teeth of helical type, the face being divided into 
two parts, each 21 in. wide. With this big gear there meshes a 
pinion 9.903 in. in diameter with 46 teeth, the pinion revolving 
at full speed at 1550 r.p.m. and driving the gear at 105 r.p.m. The 
gear consists of a cast-iron hub and spider shape over which are 
shrunk two forged steel rings. Each pinion is cut from a nickel- 
steel forging. In order to relieve the casting stresses in the hub 
and spider frame, the latter on the outside circle where the steel 
rings are shrunk on is not cast as a complete ring but has eight 
slots in the periphery (see Fig. 1), the purpose of which is to provide 





neigh Se 





ee ete ee 


aoa 


+ ee RE Te - 


oo 


2. 


eRe ise SEBS. 


& 





Fic. 6 CuTTinG THE TEETH OF THE HuGE ReEpucTION GEAR OF THE 


U. 8S. S. ““DosBrIn”’ 
for lateral expansion of the cast-iron members and thus somewhat 
reduce the tendency toward radial expansion. The frame cover 
and bearing boxes of the reduction gear are made of cast iron. 
The lubrication of the gear teeth is effected by spray nozzles 
attached to the oil-supply manifold. These nozzles are arranged 
to deliver oil at the point where the driving teeth enter in engage- 
ment when the gear is running ahead or astern. The oil used in 
the gear case is arranged to drain back to the turbine oil system. 





Fie. 7 Gear-CurrinG MAcHINE FOR PINIONS, WITH BooTH FoR MAIN- 
TAINING EVEN TEMPERATURE SHOWN IN THE BACKGROUND 


Inspection handholes are provided in the gear casing so that the 
oil trough can be readily cleaned out. 

The gear cutting on such an immense ring (146 in. in diameter) 
was no easy proposition and required the application of some rather 
unusual methods. The procedure employed is as follows: 

After the steel rings have been shrunk on, the center hole is 
bored and the wheel assembled on its shaft. The assembled unit 
is then placed in a lathe, the gear blank machined to designed di- 
mensions and the inner faces of the checks F machined concentri- 
“ally with it. Thereupon the blank is mounted into the position 
shown in Fig. 1 and the outside face of the steel rings turned to size. 
This is the easiest part of the job. In the cutting of the teeth, 
which is the really difficult problem, the gear is placed horizontally 
(Fig. 6) on the table of the gear-cutting machine (Parsons Marine 
Steam Turbine Co.). On this table there are radial moving stops, 
the position of which is made to correspond to the circle to which the 
inner faces of the checks F, Fig. 1, have been cut, so that once 
the blank is placed on the table there is no question as to its being 
concentric with the axis of rotation. This being done, one may 
proceed to the tooth-cutting operation, which is to all practical 
purposes hobbing. The spindle of the hobbing cutter and the 
table on which the gear is mounted both rotate simultaneously. 

Essentially the cutting of the immense gear for the Dobbin would 
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be no different from the cutting of gears of ordinary and 
much smaller sizes, if it were not for the fact that because 
of its large diameter—in excess of 12 ft.—the slightest varia- 
tion of temperature produces a change of size sufficiently large 
to cause trouble if not taken care of. In other words, in 
addition to a machine-shop problem there was something 
in the nature of an egg-incubator problem presented, as the 
gear had to be kept at substantially the same temperature 
from beginning to end of the operation. To accomplish this 
the entire cutting was done in an enclosed room where 
electric heaters were used to maintain the correct uniferm 
temperature. Furthermore, once the cut was started it had 
to be carried to the end without stopping, otherwise there 
would be several sources of error that might result in a 
defective tooth. The cutting of the gear was therefore a day- 
and-night job, and it was necessary to make certain that 
there would be no stoppage of the work under any conditions 
whatsoever. The shops at the Philadelphia Navy Yard are 
supplied with direct current from the main generating station. 
Conditions of work at the Yard, however, are such that at 
times for short periods power can be cut off from the shops. 
In order to insure that this would not entail a stoppage of the 
work on the gear, storage batteries were installed sufficient 
to carry the load on the gear-cutter motor for 8 hr., or much 
in excess of the longest stoppage to be expected under 
normal conditions. The use of the storage batteries, it may 
be remarked, did not involve the expense of purchasing 
them, as there are always a considerable number of such batteries 
available in the Yard, and they have to be kept charged anyway. 

The cutting feed employed was only 0.012 in. per revolution, 
and as one revolution took 13 min., it is obvious that in an afternoon 
of, say, 4 hr. a depth of cut of only about !/, in. could be taken. 

One of the interesting features of the gear-cutting machine is 
the creeping gear. The table carrying the gear is located eccen- 
trically to and meshes on its interior surface with a worm located 
at the end opposite to that where the ring meshes with the table. 
The arrangement is such that after each cut is completed the cutter 
does not start at the same place where it left off but skips four teeth. 
While this arrangement involves certain complications, it is be- 
lieved that it produces much cleaner results. 

After one side of the gear has been completely cut the blank is 
turned over and the other half is cut in the same manner as before 

There is now under way another gear a couple of inches smalle: 
than the one intended for the Dobbin. This can be cut on the sami 
table and with the same hobbing cutters that were used on th 
Dobbin gear, but of course the gearing of the table and cutter spindl: 
will have to be changed. 

Several ingenious devices have been developed and employed 
for testing the accuracy of the gear teeth. These cannot be «i 
scribed here owing to lack of space. 


The daily papers report that four boats for che Roosevelt Li 
have been ordered abroad and that these boats will all be of t! 
motor-driven type. While there is a proposition in Congress t 
create a fund out of which loans could be given to American co! 
panies for converting steamers, including the Hog Island type, t 
motor drive, no formal action on this legislation has so far be 
taken. 

These developments are of importance in view of the continui! 
competition for ocean freights. As a sample may be mention: 
the low ocean freight rates recently obtained, according to t! 
Iron Trade Review, March 13, 1924, on shipments of steel and ste: 
products from Europe to America. 

On an inquiry for 5000 tons of billets from San Francisco, Scot: 
steel-makers were recently quoted about 1£ ($4.30) aton. Pig ir 
is still handled from Antwerp to San Francisco at 17 s. 6 d. ($3.7- 
per gross ton in lots of 500 tons or more, the rate from Hamburg 
Middlesborough, or Glasgow being about 1s. higher. Finish 
steel from Europe to the Pacific coast remains at around 1 £ 10 
($6.45) per gross ton. 

A vessel has recently been chartered to carry iron ore from Beni- 
to Philadelphia at 6 s. 9 d. ($1.45) per ton, this rate being actual! 
about 1 s. less than the charge to the United Kingdom or Germany. 














High Pressure, Reheating, and Regenerating for 


Steam Power Plants 


By C. F. HIRSHFELD,' DETROIT, MICH. anv F. O. ELLENWOOD,? ITHACA, N. Y. 


In this paper the authors discuss the relative thermal and investment 
costs involved in a modern turbo-generator station, as determined by a 
consideration of steam pressures from 200 to 1200 Ib. per sq. in., steam 
temperatures of 700 and 800 deg. fahr., and six different cycles of opera- 
tion in which reheating and regenerating are involved in various degrees. 
Particulars regarding the study are summarized in the two paragraphs 
immediately following. 


HIS paper is a study of the relative thermal and investment 

costs involved in a modern turbo-generator central station, 

as determined by a consideration of steam pressures from 
200 to 1200 Ib. per sq. in., steam temperatures of 700 and 800 deg. 
fahr. and six different cycles in which reheating and regenerating 
are involved in various degrees. 

The work naturally divides itself into two parts, the first of 
which deals with the information that may be gained from a study 
of the ideal cycles, the second with the probable fuel economies 
and operating characteristics that may be expected from real plants 
operating on the several cycles and at various pressures. The 
second portion of the paper also includes the relative investment 
costs which have been worked out in so far as they are affected by 
the various cycles and steam pressures. 


I—IDEAL STEAM-POWER-PLANT CYCLES 


An actual steam plant, unfortunately, cannot be operated under 
ideal conditions, but nevertheless the study of ideal cycles is of 
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For throttle pressures of 1200 and 200 Ib. per sq. in. abs., temperatures of 700 and 
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particular importance to engineers at the present time because 
they are working in the midst of many new developments relating 
'o very high pressures and various schemes for reducing the ex- 
haust losses. The exhaust loss in a real plant is larger than all 
the others combined, so that the best way of utilizing some of this 
exhaust heat, other than by industrial heating—which is sometimes 
feasible—becomes a problem of increasing importance as higher 
fuel prices are encountered. 
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In this study it is assumed that at the present time the upper 
limit of the temperature of steam that can be used successfully 
in steam power plants is from 700 to 725 deg. fahr. The ideal- 
cycle diagrams have therefore been drawn with solid lines for a 
temperature of 700 deg. and with dotted lines for a temperature 
of 800 deg., a value which may possibly prove feasible in the next 
few years. The ideal-cycle calculations have been made for both 
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Fig. 2 Cycie B (REHEATING) 


(For throttle pressures of 1200 and 200 Ib. per sq. in. abs., temperatures of 700 and 
800 deg. fahr., and exhaust pressure of 1 in. Hg abs.) 


temperatures, and the corresponding efficiency curves have been 
drawn solid and dotted, respectively. 


NAMES AND DIAGRAMS OF THE CYCLES 


The different cycles have been designated respectively by the 
first six letters of the alphabet. The names chosen are intended 
to be characteristic of the most unusual parts of the cycle, or in 
other words to identify the cycle by a name which indicates the 
unusual processes involved. 

The Rankine Cycle (A), Fig. 4, is made up of the processes in- 
dicated in Fig. 1. In this cycle the steam is formed at constanit 
pressure and is then considered to pass without any loss by 
throttling or radiation to the turbine, in which the adiabatic 
expansion, cd, takes place until exhaust pressure is reached as 
indicated by the state d. Condensation of the exhaust steam then 
takes place at constant pressure as shown by the line da. Thi 
cycle has much to recommend it from the standpoint of simplicity 
and is the one in most common use today. It does not, however, 
have as great possibilities regarding thermal economy as some of 
the others. 

The Reheating Cycle (B) is composed of the processes shown in 
Fig. 2. The steam expands adiabatically from c to d and then 
is reheated at constant pressure from d to e, after which a second 
adiabatic expansion takes place from e to f. The rest of the cycle 
is the same as cycle A. This reheating implies that the steam is 
sarried back to the boiler plant to pass through a suitable reheater 
and is then returned to the turbine in waich the expansion is com- 
pleted, or else that there has been provided near the turbine a 
suitable separately fired reheating apparatus so that the steam 
does not have to be carried back to the boiler room. Both of 
these schemes involve certain complications and possibly difficul- 
ties in a real plant. 

The Cycle with Isothermal Superheating (C) consists of the proc- 
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esses shown in Fig. 3. This name is used because the cycle in- 
volves an isothermal expansion of superheated steam as indicated 
by the line cd. It is not claimed that this process is likely to be 
approached even approximately in any real turbine. The study 
of this cycle, however, does offer one very great advantage, in that 
it shows a maximum which might be approached by using an in- 
finitely large number of constant-pressure reheating devices as 
explained for cycle B. 

The Regenerative Cycle (D), Fig. 4, is called “regenerative” because 
steam is bled from the turbine at a number of stages to feedwater 
heaters, and the heat which is thus recovered is returned to the 
boiler. 

In the ideal cycle an infinitely large number of bleeder heaters 
are assumed to be used, so that if superheated steam is not bled, 
the line de is drawn parallel to the liquid line fa. If there had 
been no bleeding, the adiabatic expansion would have continued 
to the state e’. On the other hand, with bleeding, successive 
portions of the steam are withdrawn from the turbine and con- 
densed, heating the feedwater, while the remainder proceeds through 
the turbine, continuing the isentropic expansion. 

If at each temperature the portion in the turbine and the portion 
which has been bled and condensed be considered to be mixed 
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together, the resultant state is that shown on a curve drawn parallel 
to the liquid line. In other words, the curve de is drawn for thi 
entire weight of steam considered in the cvcle and does not repre- 
sent the state of only that portion of the steam continuing through 
the turbine. By drawing the diagram to represent all of the steam 
considered, the area abcde represents the energy available from 
this amount of steam and the equations for the cycle efficiency 
may be developed readily. In case superheated steam should bi 
bled the process cannot be shown in the superheated field by draw- 
ing a line parallel to the liquid line. It is particularly instructive 
to observe from Fig. 4 how the temperature of the feedwater rises 
in this cycle as we go to high pressures. 

The Reheating-Regenerative Cycle (2) is outlined in Fig. 5. It 
for the reason that the steam 
is reheated as in the case of cycle B, and then the regenerative 
principle is also applied as discussed for cycle D. Therefore the 
area abcdegh represents the available energy in B.t.u. per pound of 
throttle steam. 


is called ‘‘reheating-regenerative,”’ 


This cycle implies considerable complication, but 
its possible advantages may apparently justify the building of 
a plant to operate with this ideal. 

The Isothermal-R generative Cycle (I) is made up of the pro 


esses shown in Fig. 6. This eyele can hardly be called an im- 
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portant one except in so far as it indicates the limiting possibilities 
of eyele E with an infinitely large number of reheaters, so that 
the isothermal expansion in the superheated region is approached 
as shown by the curve cd. The regenerative portion of this cycle 
is exactly similar to that described for the two previous cycles, 
except that the saturation temperature at which the bleeding 
begins is determined by the amount of isothermal expansion per- 
mitted in the turbine. In other words, the length of the line cd 
determines the temperature at e and consequently at f. 
I. FFICIENCIES OF IDEAL CYcLes 

The efficiency of any ideal cycle is the ratio of the available 
energy, or the energy convertible into work, to the heat supplied 
during the entire cycle. In order to save space the cycle efficiencies 
will each be expressed in general terms, using the following notation: 


Let H specific total heat of the steam in B.t.u. per Ib. for 

any state indicated by the subscript 

q specific total heat of the liquid in B.t.u. per Ib. for 
any state indicated by the subscript 

T absolute temperature in deg. fahr. for any state in- 
dicated by the subscript 

t ordinary temperature in deg. fahr. for any state 
indicated by the subscript 

p absolute pressure in Ib. per sq. in. for any state in- 
dicated by the subscript 

\ specific volume in cu. ft. per lb. for any state indi- 


cated by the subscript 















































hig. 7 Comparative Maximum Erricrencies oF Cycites A, B, C, D, 
Ky, aNnpb F 


Throttle temperature of 700 deg. fahr. and exhaust pressure of 1 in. Hg abs.) 


o specific entropy for any state indicated by the sub- 
script 
F feed-pump work of the ideal cycle, in B.t.a. per lb. 


of water. 


With this notation, and neglecting the feed-pump work—which 
is considered later—we then have: 


For the Rankine Cycle (A) as shown by Fig. 1, 


H. — Ha 
H. — qa 


ficiency = 
For the Reheating Cycle (B) as shown by Fig. 2, 


H. — Ha + He — Hy 
H.— Ha + He— Qo 





Efficiency = 


For the Cycle with Isothermal Superheating (C) as shown by Fig. 3, 
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oe H. — Hy+(ta — te)(ba —- be) 
kifficiency = — 


H qa + Talba — oc) 
For the Regenerative Cycle (D) as shown by Fig. 4, 


H Vy T (da or) 
HH ds 


Ieficiency 


For the Reheating-Reqgenerative Cycle (2) as shown by Fig. 5 


Eflici H. — Ha + He — Hg + (te — ti) (bo — $7) 
: + +4.—m 
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rhrottle temperatures indicated on curves. Exhaust pressure, 1 in. Hg abs.) 
For the Re gen rative Cycle with Tsothermal Supe rheating (F) as 
shown by Fig. 6, 


H. Hn + (ta — te) (ha — de) + (ty — to) (he — os) 


H qt + Te(ba de ) f 


Efficiency 


In calculating the efficiencies of ideal cycles, the work required 
to pump the water into the boiler is usually neglected. However, 
since this item evidently increases in importance with the pressure, 
it has been computed for the range of pressures considered in this 
paper, in order to give an accurate conception of its magnitude. 
It has been found that the correction is practically negligible. 

CoMPARATIVE EFFICIENCY CURVES 

In Fig. 7 are given the efficiencies of the six cycles arranged 
so that they may be compared for a throttle temperature of 700 
deg. fahr. and various throttle pressures from 200 to 1200 Ib. per 
sq. in. Clearly, eyele D is the one which deserves first place, 
especially for the higher pressures, as far as efficiencies on the 
ideal basis are concerned. 

In addition to the efficiency, one other value which is importa at 
to engineers and which may be calculated for the ideal cycles is 
the amount of energy available for work in the ideal turkine per 
unit volume of the steam at exhaust. This ratio is important 
because it is a partial measure of the relative sizes and costs of the 
turbines required to give the same power when operating on the 
different cycles. The superiority of the regenerative cycle in 
this regard also, is shown by Fig. 8. 

CONCLUSIONS 

lor any cycle herein studied it is clear that there is a marked 
increase in efficiency and in energy available per unit volume of 
exhaust steam, due to increasing the throttle pressure, throughout 
the range considered. This increase in efficiency with the pressure 
is less marked in the simple Rankine cycle than in the ones with 
more complicated apparatus. 

Changing the throttle temperature from 700 to 800 deg. fahr. 
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causes a very marked increase in the efficiency of all cycles herein 
studied except those using the regenerative principle, which are 
improved but very little by this increased temperature. 

From the consideration of the ideal cycles alone it appears that 
the Rankine cycle, which is the one requiring the least apparatus, 
is the least efficient throughout the entire range of pressures, and 
yields the least energy per unit volume of exhaust steam. At 
the top of the list, throughout the upper portion of the pressure 
range considered, and very close to the top in the lower portion 
stands the regenerative cycle both as to efficiency and available 
energy per unit volume of exhaust steam. The extra apparatus 
which must be used in order to follow the regenerative cycle in- 
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Fig. 9 ProBABLE TuRBO-GENERATOR EFFICIENCIES REFERRED TO THE 
Four Ipeat Cycues, A, B, D, anp E 
(For 30,000-kw. units and exhaust pressure of 1 in. Hg abs.) 
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Index Figure for Estimated Cost of Part of Plant. 
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Fic. 10 Estimatep Retative Costs or CENTRAL-STATION APPARATUS 
AFFECTED BY STEAM PRESSURE AND CYCLE 


stead of the Rankine would seem to be simple enough to justify 
the extra expense in many cases. 


II—PROBABLE RESULTS FROM REAL PLANTS 


Metuop or EstimMatInG PLANT PERFORMANCE 


Performance figures for a plant which has not been built may 
be obtained by modifying the results calculated for the ideal cycle 
on which the plant is intended to operate. The ideal-cycle output 
per unit mass of steam, multiplied by the turbo-generator efficiency 
referred to that particular cycle, gives the corresponding gross 
generator output. With the gross generator output per unit mass 
of steam the flow of steam necessary to produce any gross power 
output is ascertained. From this gross output must be subtracted 
the power required by all of the plant auxiliaries which, for the 
convenience of this study, were assumed to be electrically driven. 
This power may be estimated rather closely for the plant load and 
boiler rating which are considered proper for a study of this kind. 
Any steam required for steam-driven auxiliaries, losses, etc., could 
be estimated per pound of steam to the main units and thus the 
total steam per unit of net plant output determined, in case it 
should be desired to use steam-driven auxiliaries. The heat re- 
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quired to generate the necessary steam depends upon the boiler- 
room efficiency, which may be assumed to be the same for all cases 
in a comparative study of the type here under consideration, the 
extent of the heating surface being adjusted to give the efficiency 
assumed, 


PROBABLE TuRBO-GENERATOR EFFICIENCIES 

The efficiencies to be expected from turbo-generators of 30,000 
kw. capacity when operating on the cycles under consideration 
with different pressures and temperatures have been calculated 
as well as possible, and the results are shown in Fig. 9. 

The well-established curve for use with the Rankine cycle was 
extended to the higher pressures by allowing for the ill effect of 
the extra moisture encountered as the pressure increases. Tor 
curve B, or the one to be used with the reheating cycle, the values 
were established in the following manner: Neglecting the throttling 
effect through the reheater and its piping, the extra superheat 
from the reheater was estimated to increase the efficiency of the 
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Fie. 11 Estimatrep Rewative Costs or CoMPLETE CENTRAL STATIONS, 
INCLUDING BUILDINGS AND LAND 


A-curve from a value of 0.771 to 0.796 at 400 Ib. and from 0.735 
to 0.775 at 1200 lb. pressure. A straight line was then drawn 
through these two points, and from this line was subtracted the 
calculated reduction in efficiency due to throttling through tlic 
reheater and its piping. For cycle C there is no efficiency cur\ 
drawn, as we shall very probably never see a olant built to operate 
on this cycle. For curve D, or the one to be used with the regen- 
erative cycle, a value of 74 per cent of its ideal is believed to be « 
fair one for a pressure of 400 lb., as it was obtained from carefu! 
calculations based upon actual guarantees. Through this point « 
straight line was drawn parallel to the one for the Rankine. For 
curve E, or the one to be used with the reheating-regenerative 
cycle having a reheat pressure of 40 per cent of the throttle pre-- 
sure, it seemed proper to base values upon both B and D, since t!)! 
curve is to represent the degree of approach toward an ideal involv- 
ing both reheating and regenerating. 
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First Cost or PLANT 


From a careful analysis of condenser surfaces required, of auxil- 
iary power, heating surfaces, piping system, and turbo-generators, 
the cost of all equipment which is affected by the steam pressure was 
determined and the corresponding index figures are given by thie 
curves of Fig. 10. From these curves it may be noted that increasing 
the pressure from 200 to 1200 lb. per sq. in. will increase the cost 
of this equipment about 30 per cent for any particular cycle. 
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For the cost of auxiliary apparatus, the estimate was based 
upon motors large enough to operate the boilers at 300 per cent 
of rating. 

The cost of the air heater was taken as $1.60 per sq. ft. of heating 
surface. This figure is intended to cover the cost of flues and all 
other expenses connected with the installation. 

If to the cost of equipment affected by steam pressure there is 
now added the cost of land, canals, railroads, foundations, build- 
ings, coal handling, miscellaneous mechanical equipment, and all 
electrical equipment except the generator, new index figures are 
obtained as shown by Fig. 11. From these curves it would appear 
that the 1200-lb. plant will cost only about 14 per cent more than 
the 200-lb. one to operate on the same cycle. For many cases this 
increase in cost will be greater when the higher pressures are used, 
for the reason that some plants will have a higher portion of the 
total plant cost dependent upon pressure than was used in this 
study. It is also clear that the plant built to operate upon the 
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Rankine cycle is appreciably lower in first cost than any of the 
others, and the reheating-vegenerative plant is the most expen- 
sive through the entire range of pressures considered. 

The cost of land, buildings, etc., was taken the same for each 
plant considered, but, due to the increase in the cost of equipment 
affected by pressure, this represents a decreasing percentage of 
the total plant investment as shown by the curves at the top of 
Fig. 12. These curves also show that in going from a pressure 
of 200 to 1200 lb. the investment in land, buildings, ete., varies 
irom about 57 to 49 per cent of the total for nearly all of the cycles. 
Other curves of this figure indicate that, for pressures from 200 to 
1200 lb. per sq. in., respectively, the turbo-generators and boiler- 
room equipment, with feed pumps and motors, require from about 
31 to 38 per cent of the entire investment; the piping costs from 
about 7 to 9 per cent, and the condensers, heaters, and pumps with 
motors cost from about 5 to 4 per cent. 

FUEL CONSUMPTION AND Cost oF ENERGY 

The coal consumption of plants operating under different con- 
ditions as to steam pressure and cycle, is of great interest to 
engineers at the present time. For the pressures and cycles con- 
sidered in this study the curves in Fig. 13 represent unbiased esti- 
tates which have been made in a manner that is believed to be 
reasonable. 


MECHANICAL ENGINEERING 





183 


For pressures of about 600 lb. per sq. in. it appears, from Fig. 
13, to make but little difference what cycle other than the Rankine 
is chosen from the consideration of fuel alone. 

From the curves of Fig. 14 it appears that with coal at $5 per 
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ton and a pressure of about 600 lb. it is immaterial what cycle is 
used other than the Rankine. It is also clear from these curves 
that with five-dollar coal, pressures higher than 600 Ib. are not so 
attractive as sometimes believed. As the capacity factor is de- 

(Continued on page 225) 
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The Export Problem of the Machine-Tool Industry 


By W. H. RASTALL,' WASHINGTON, D. C. 


HIS meeting in reality represents the machine-tool industry 
of the United States, an industry that comprises more than 
400 different establishments and whose production in a 
given year has been in excess of 200 million dollars. We in Wash- 
ington are constantly giving our attention to the promotion of the 
export trade in the United States, and when an opportunity appears 
for us to meet together as at present, it seems desirable that we 
should give attention to the problem that we have in common, 
that of exporting American machine tools to the markets of the world. 
There is a great deal that is very interesting, as the experience 
of the last ten years has been most remarkable. Previous to the 
war American machine-tool products were known throughout the 
world for their superior qualities, their high efficiency, their great 
productive capacity, their ability to produce with precision parts 
which allowed very scant tolerances, their labor-saving features, 
and even automatic equipment for the production of intricate 
parts. Also in these prewar years competition in the world markets 
was met from manufacturers in Great Britain and Germany prin- 
cipally, although there were some producers of lesser importance 
in a few other countries, and in these foreign markets there were 
frequently very earnest discussions as to the comparative merits 
of German, British, and American machine tools. Very frequently 
these discussions ended in the air because of the great difficulty 
involved in analyzing such problems—in part, at least, because of 
the many varieties of machine-shop equipment that might be 
considered. Even after careful research it is difficult to make 
statements on this subject that are entirely satisfactory because 
we depend to a great degree upon the statistics published by dif- 
ferent nations, and quite commonly there are differences in classi- 
fications that make comparison difficult. However, if we can 
broaden the discussion and consider the exports of metal-working 
machinery, it can be shown that in 1913 the United States exported 
more than 16 million dollars’ worth of such equipment, the United 
Kingdom less than five million dollars’ worth, while Germany ex- 
ported nearly 19'/2 million dollars’ worth. It will be noted that 
these figures showed Germany first in importance, followed closely 
by the United States, with Great Britain a poor third. 
Errect OF THE WAR ON Export TRADE 
The war probably affected the machine-tool industry as much 
or more than any other, and this is especially true as applied to 
the export situation. Machine tools were required for the pro- 
duction of an endless variety of commodities as needed for military 
purposes. The allied blockade prevented the further export of 
such equipment from Germany even had the military requirements 
on this industry been such as to allow these German exports to con- 
tinue. A similar demand was felt in the United Kingdom, but, 
strange as it may seem, statistics show that throughout the war 
exports continued at about the prewar rate. On the other hand, 
the entire world called upon the manufacturers in the United States 
for a very greatly increased volume of machine tools, and our 
exports expanded rapidly from the volumes previously indicated 
to a total of nearly 85 million dollars in 1917. Upon the entry of 
the United States into the war about this time, it became very 
much more difficult to handle this export trade, in part at least 
because of the export markets and licensing provisions that were 
put in effect; and from 1918 the trade decreased to about 52 million 
dollars. Following the armistice it expanded again to about 
59 million dollars in 1919, since which time there has been a further 
decline, and the returns for 1923 show this export trade at about 
12 million doHars, or slightly under the prewar level. 
With regard to our German competitors, it is difficult to present 
a concise statement that is fully satisfactory, largely because sta- 
tistics of figures expressed in marks are practically worthless be- 
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cause of exchange fluctuations, and returns on a tonnage basis 
are also unsatisfactory because the machine-tool manufacturer 
prodrces an article that can scarcely be described in terms of weight. 
However, it can be stated that during the war the German export 
trade was very largely wiped out by the allied blockade. Follow- 
ing the armistice an earnest effort was made by German manu- 
facturers to recover their old position, but many circumstances 
have arisen to make this difficult. Through 1921 and 1922 it was 
felt that the depreciating mark gave German manufacturers a 
peculiar advantage in the world’s markets for such equipment, 
and, to a certain extent, these influences continue even now. On 
the other hand, it should be emphasized that information reaching 
Washington indicates that these reports have been very greatly 
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exaggerated, and while it is entirely true in many instances that 
German machinery has been sold at prices 50 per cent or more under 
corresponding American quotations, it still remains true that the 
actual volume of German metal-working machinery shipped into 
the world’s markets has not been very large, at least not so large 
as many of the reports in the press would lead us to believe. It 
is perfectly true that the situation is one that would cause the 
American machine-tool exporter a great deal of annoyance and 
worry, and undoubtedly in a number of markets stocks of German 
machinery are carried at prices represented by the depreciating 
mark which will interfere with certain classes of trade for some 
little time to come. However, it is gratifying to add that late in 
1923 the utter collapse of the mark resulted in conditions that 
make it very difficult for German manufacturers to continue this 
trade. The indications are that German costs are now above 
world-market levels, and until conditions change in Europe, it is 
to be assumed that German competition has lost its force. As 
a consequence, in 1924 we find a situation where, generally speaking, 
the world’s machine-tool trade is in the hands of British and Amer- 
ican manufacturers. For this reason it is particularly interesting 
to give close attention to the competition to be expected from Brit- 
ish sources. 


CoMPETITION TO BE EXPECTED FROM BriTISH SOURCES 


As indicated by the accompanying chart, British exports have 
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risen from the five-million-dollar level of 1913 in a more or less CHANGES IN TREND or U. S. Macuinery Exports DwurinG 


irregular way to about 12 million dollars in 1920, since which time Recent YEARS 
there has been a decline, and at the close of 1923 these exports But it is most interesting to note the changes in the trend of our 
were approximately on a seven-million-dollar basis. machinery exports during recent years. Instead of considering 


When traveling in the machinery markets of Asia or Latin America, only metal-working machinery, for a moment, if we consider the 
one frequently encounters remarks that would give the impression entire export trade in industrial machinery as shown in Table 1, 
that the British machine tool is greatly superior to the American it will be noted that in prewar years Europe absorbed about 30 per 
product. In the newspapers of China or the Malay States one — cent of our exports, while by 1922 this had declined to 20 per cent. 
will frequently find articles calling attention to the great weight of | In contrast to this, in prewar years the markets of Asia absorbed 
a British machine tool, and while these articles rarely mention — less than 8 per cent of these exports, while during the last two years 
\merican products, it is often implied that machinery from this they have taken more than 25 per cent of the total. It will also 
country is too light. Such statements even find their way, occa- be noted that Latin America has increased in importance. The 
sionally, into the reports from American consuls or other officers outstanding opportunity for export by American machine-tool 
abroad. It is therefore interesting to note that in prewar years — builders in 1924 appears to be that for the American manufacturer 
Germany was our best export market for metal-working machinery, of general-service tools as in the non-European markets, and 
taking on the average about 2'/, million dollars’ worth of such these remarks apply to manufacturers of accessories as well as to 
machinery each year, and england ranked second, taking more the producers of tools themselves. The non-European markets 
than 2 million dollars’ worth each year. It is a.striking testimonial have become very much more important than in prewar days. 
to the superiority of American metal-working machinery that these German competition for the time being is of little consequence, 
european countries absorbed such important volumes of this and the trade in these territories will fall into the hands of British 
equipment in prewar vears. It may be also added that during or American manufacturers. The problem before the individual 

American manufacturer is 
rABLE 1 U.S. EXPORTS OF INDUSTRIAL MACHINERY to so cultivate these 
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xcept Asia Minor »O55 244 1HLO085 3,774,449 61,879,671 65,398,252 55,598 449 31,036,614 


chines than those produced 
tal $49,117,620 $88,058,604 $73,254,575 $284,678,786 $324,252,357 $298,798.201  $112,288,922 in this country, they can 


neal usually be offered at lower 
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European tools because of 
the war England imported nearly 20 million dollars’ worth of such — attractive prices and with more or less disregard to quality. 
wichinery in a single year. This statement is based upon the The American machine tool because of its superior engineering 
\merican returns. If instead we use the British returns, the 1918 — merit must command a higher price, and it is therefore up to the 
total expanded to about IS million dollars, but for purposes of | American manufacturer to make provision for such educational 
muparison these returns are shown in the accompanying chart, campaigns in these territories as will insure intelligent buying on 
nd it will be noted that from the outbreak of the war until 1919 — the part of the more or less inexperienced industrialist of these 
British imports of metal-working machinery from the United non-European countries. The American manufacturer will find 
“tates were far greater than the total exports of such equip- it necessary to arrange for constructive salesmanship on behalf 
ent from the United Kingdom at any earlier date. The fact — of his products in each of these markets, and, in order that these 
it the British have found it desirable to import such large volumes — campaigns may be of maximum effectiveness, these sales efforts 
\merican metal-working machinery during the prewar, war, should also be consecutive. 

d postwar periods should in itself be sufficient demonstration The opportunities for 1924 appear to lie particularly in two di- 
| the superiority of American machinery of this kind, and provide — rections: first, in those markets which were formerly largely uader 
idequate answer to the articles published in the press of Asia and German influence, and, second, in those markets that are showing 
elsewhere from time to time. However, the fact remains that, natural expansion. It would appear that conditions are such that 
peaking generally, in earlier years British and German machinery for some time to come difficulty will be experienced in securing 
is been of less highly developed types than that produced by _ satisfactory machine tools at commercial prices from German 
his country. These European designs were frequently general- manufacturers. In prewar years such countries as the Dutch East 
service tools, while the tendency in the United States was to pro- Indies, Chile, and several others depended very largely upon Ger- 
duce a manufacturing tool, or even a single-purpose tool. Conse- man sources of supply for machine tools. Now that it is difficult 
quently, in the particular sense, the sales problem in the non- to continue this trade, it is believed that the American manu- 
!uropean markets frequently involved furnishing general-service facturer has a peculiarly favorable opportunity for sales effort in 
tools suited to their requirements, and in these markets the Amer- those markets, and every effort should be made to take advantage 
ican manufacturer seems sometimes to have missed his opportunity — of this opportunity for the proper introduction of American machine 
through offering equipment scarcely adapted to the needs of the tools in those markets. In markets that are showing natural ex- 
individual buyer. ; pansion such as Japan, Central Europe, and British India, there 

It is therefore obvious that in the cultivation of their foreign is also a special opportunity. Recent experiences in some of these 
markets eareful discrimination should be exercised by American markets indicate quite clearly that American machinery is not as 
machine-tool manufacturers between the European and the non- well supported as its engineering merit deserves. In 1918 the 

European demand. Obviously, manufacturers of production tools | United States furnished about 80 per cent of the machinery imported 
Will find almost no demand for their equipment in Asia, Latin into Japan. More recently this participation has declined very 
America, Australasia, or Africa. Their export interests lie almost seriously. In British India in certain years the United States 
exclusively in Europe. As a class, these seem to be the manu- furnished as much as 25 per cent of the machine tools. This 

facturers who have made the best export showing. The conditions percentage has also declined of late and, inasmuch as _ these 
prevailing in Europe during recent years have very seriously ratios in no way express the comparative engineering merit of the 
interfered with this trade, and there is little that can be said on the machinery offered, one would infer that the American trade suffers 


subject until Europe starts to recover from the consequences of the because inadequately supported by constructive salesmanship. 
War. 


(Continued on page 205) 
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Some Limitations on Manufacturing to 
Close Limits 


By B. H. BLOOD,! HARTFORD, CONN. 


able to measure not merely to those limits but much more 

closely. The great majority of manufacturing operations in 
metal consist in removing surplus stock. To hold to any specified 
limits it is only necessary to stop at the right point. Our means 
of measuring must show us how closely we are approaching that 
point, and warn us before we pass it. 

Thirty years ago very few machinists had ever seen a micrometer. 
Close dimensions were expressed on drawings in sixty-fourths of 
an inch. A drawing with sizes and tolerances expressed in thou- 
sandths would not have been intelligible. Yet the skilled mechanic 
worked in thousandths without knowing it. He would produce 
a drive fit, a sucking fit, or a running fit that was entirely service- 
able, if he had the nicety of touch and the patience to do it. It 
took skill and time. He did not even aim at interchangeability. 
However, the general adoption of the micrometer, perhaps our most 
useful measuring instrument, has changed all this. The skilled 
mechanic has become the toolmaker and devotes his time and skill 
to providing the means whereby the unskilled operator produces 
by hundreds the parts of mechanisms which assemble without 
fitting. Better means for making close measurements have called 
for better means for manufacturing to close limits, and these in 
turn have called for still greater refinements in measuring instru- 
ments. Consider the steel balls used in ball bearings. They are 
made in quantity to limits of one ten-thousandth, and again se- 
lected by variations of a quarter of a ten-thousandth. This could 
not be done by the aid of micrometers alone. 


|: MANUFACTURING to limits the first essential is to be 


Wuat PrecisE MEASUREMENTS REALLY MEAN 


It is unfortunate that many people have come to speak familiarly 
of thousandths and ten-thousandths without any conception of 
what those quantities mean in metal. Take, for example, a ring 
gage, nominally one inch. By holding it in the hand a few mo- 
ments it can readily be warmed 16 deg. fahr., which would expand 
it a ten-thousandth. Take also a plug which fits the gage very 
freely—so that it can be felt to shake—and place a strip of cigarette 
paper one-quarter inch wide and one-thousandth thick, between 
the plug and the ring; the result will be a tight fit. Take another 
plug which will just drop through the ring by its own weight, and 
this third plug, which is just half a ten-thousandth larger, will fit 
so snugly that it will not shake off. A fourth plug, whose diameter 
is greater by another half ten-thousandth, will not enter the ring 
dry. By coating the surfaces with light oil the plug will enter the 
ring and slide freely as long as it is kept moving, but when it is 
allowed to come to rest for a moment the two are apparently frozen 
together, and cannot be broken apart. 

There are no satisfactory means for measuring the diameter of 
this ring except by measuring the diameter of a plug on which the 
ring fits. But which one of these plugs does the ring fit? It 
must be that the oil film has some thickness, and yet the plug would 
not enter the ring without oil. It appears that the ring is actually 
stretched by the oil film. 

This illustrates the difficulty of manufacturing to close limits 
when we have no direct means for measuring. We frequently send 
out plug and ring gages which have a “freeze fit,” and the customer 
returns them claiming that the ring is smaller than the plug be- 
cause he cannot get them together. The plug is capable of direct 
measurement, and measurements by different operators and in 
different laboratories, using different instruments, will agree more 
closely than some would believe. But who can say what is the 
inside diameter of this ring? We can expect no agreement on this 
point. Yet draftsmen will calmly place on their drawings toler- 
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ances which cannot possibly be checked, and leave the gage maker 
and the inspector to fight it out. Too often this is done conscien- 
tiously, in the belief that high-class work is thereby assured. 

As an instance in point, in the early days of the late war the 
author was handed a roll of blueprints covering the test tools for 
one of the French gun carriages which our Ordnance Department 
had undertaken to manufacture. He was instructed to get out 
three sets of tools according to these drawings, in something less 
than the least possible time, and to submit as soon as possible an 
estimate of cost against which a purchase order would be issued. 
The job involved a cost of more than $100,000 and covered work 
ranging from close fits which could be secured only by selective 
assembly or hand fitting, to drill jigs as large as a table top, for 
armor plate which was to be bent to shape after machining. No 
tolerances were given on the drawings, but in the accompanying 
specifications occurred the innocent-looking clause: “All work- 
manship to be of the highest quality and to an accuracy of one 
ten-thousandth of an inch.” The job was not done strictly to 
these specifications, or it would not have been done yet. But the 
tools were made and put into service before the author was able 
to get this wording modified so that he could safely submit a price 
and get an order for them. 


TOLERANCES IN MANUFACTURING OPERATIONS 


Precision in manufacturing is not a thing to be set on a pedestal 
and worshipped. It costs money and time. Where it is necessary 
to the proper functioning of a mechanism it is worth whatever it 
may cost. In most mechanisms which require close fitting there 
are but few critical dimensions which need be held to close limits. 
For any manufacturing operation the tolerances given should be 
the widest which will assure satisfactory operation, but no wider 
Anything closer than that is economically unsound. It is par- 
ticularly unwise to place close tolerances on a drawing and then 
permit deviations by special dispensation. If work outside of es- 
tablished tolerance is usable, it proves that that tolerance is too 
close and should be widened in the interest of economy. Ad- 
herence to the established tolerances can usually be assured by 
correctly designed limit gages. The gages should be made inside 
the limits but as close to them as practicable, first cost and main- 
tenance both being considered. They should then be used as fixed 
limits. The “Go” gage should go and the “No Go” gage should 
not go, and no gage should be forced, otherwise its life will be short. 


EXAMPLES OF CLOSE MEASUREMENTS 


Let us consider some actual examples of close measurements 
which have been made, and some which could not be made, at least 
at any reasonable cost. 

The company with which the author is connected recently mad: 
some thread gages for an automobile manufacturer, for which a 
definite gage-maker’s tolerance of 0.0002 in. in pitch diameter was 
given. The customer rejected them as undersize. On checking 
them it was found that they were within tolerance, and they wer 
accordingly sent back. The customer again rejected them, giving 
his. readings on each individual gage. The author took them to 
the Bureau of Standards for checking. Using 5 lb. pressure on the 
anvils of their measuring machine, over wires laid in the angle of 
the thread, their readings checked those of the author’s concern 
with a variation of 0.00001 in., or one-hundredth part of the thick- 
ness of a cigarette paper. Their readings were within the specified 
tolerance. But when using only 2 lb. pressure their readings were 
0.00014 in. larger, a difference of two-thirds of the specified toler- 
ance. The customer specified no conditions of temperature or 
pressure under which the gages should be measured, yet a reason- 
able variation in either one would have made all the difference 
between acceptance and rejection of the work. 

The author’s company have made up a set of 24 steel cylinders 
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as shown in Fig. 1. They are of steel, highly finished, and ac- 
cording to their readings the greatest variation from 1 in. diameter 
at 68 deg. fahr. was +0.000002, —0.000000. They made a similar 
set of 25-mm. cylinders. The measurements in both cases were 
made by the interferometer, based on Professor Michelson’s de- 
termination, some 30 years ago, of the number of cadmium-red 
light waves in the international meter, and the ratio between the 
inch and meter established by Congress in 1866. 

Six of each lot of cylinders were sent to the National Physical 
Laboratory at Teddington, England, for checking. They were 
measured on the millionth comparator, against their own standard 
inch which was derived from the British imperial yardstick. They 
worked at their standard temperature of 62 deg. fahr., making the 
necessary correction for expansion at 68 deg. fahr. It was found that 
the cylinders would yield 0.000004 in. under the anvil pressure of 
2 lb. which they used. The British inch is 3.3 millionths shorter 
than the inch used by our Bureau of Standards. Making correc- 
tions for these factors, their average reading for the six cylinders 
varied from that of the author’s company by 0.8 of one millionth 
of an inch. The agreement on the metric cylinders was even 
closer, coming within 0.4 of one millionth of an inch. 

This close agreement is the more remarkable when we consider 
the roundabout way in which the comparison was made. The 
British measurements were made by comparison with their bronze 
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yard measure and their own calibration of it with the platinum- 
iridium meter of the Archives at Paris. Those of the author’s 
company were made from a set of abstract figures expressing the 
length of a meter in terms of cadmium-red light waves, translated 
into neon rays, which they use for convenience. There was nothing 
approaching a direct or tangible transfer of measurements to any 
common standard. This confirms their belief that if every physical 
standard of length in the world were destroyed tomorrow, they 
could reproduce the meter and the yard with an error not to exceed 
one part in a million, using the wave length of light as a basis. 
So far as is known, that is not subject to change under constant 
conditions, and there is no present physical standard of length which 
is free from suspicion in that respect. 


Practica, EXAMPLES FROM Every-Day CommercIAL Work 


Consider now some practical examples taken from every-day 
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commercial business. Fig. 2 is a steel blade used by the thousand 
in a large automobile shop for punching armature disks. The 
tolerances are close but not particularly troublesome, with the 
exception of the radius 1.4117 with a tolerance of +0.0001, —0.0000. 
The author’s company knew of no means by which this dimension 
could be measured or checked, and therefore refused several times 
to bid on the work. The purchaser resented this, saying that 
the parts had been made for several years from the same drawing, 
both in their own tool room and in four outside shops, without ever 
having a rejection on this point. Asked how the radius was 
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Figs. 3 AND 4 ORIGINAL AND ReEvisep Drawines or CuTTrerR, SHOWING 
CHANGES IN TOLERANCES 


checked, no answer was forthcoming. But the purchaser finally 
agreed to remove the tolerance figures from this dimension, and 
to accept any product which they could not prove wrong. One 
may wonder why the figures were ever placed on the drawing. 
Fig. 3 shows another piece, used in some quantity, on which a 
quotation was asked. Tolerances where given were close but 
possible. In quoting, the author’s company interpreted +0.0000 
to mean that these dimensions were to be held within 0.00005 in., 


we request standard list prices and best dis- 
counts on double end reversible plug gages of your standard 
design made up to the following tolerances:~ 


GAGE TOLERANCES (ONE WAY OR TOTAL TOLERANCE) 


CLASS _ Go HO GO 
A «00002 - 00002 
B «00004 «00004 
Cc «00006 00006 
D -0001 -0001 
= 0001 00015 


Fie. 5 AN INQqurry For GaGeEs 


which could be done. 


“Absolutely parallel’? was somewhat com- 


prehensive, but the company offered to hold this to 0.000005 in., 
for they could measure that. “Absolutely square’? corners could 
not be measured, but they undertook to hold this to 0.0001 in. 
on the short dimension, as an error of this magnitude would show 
daylight when an accurate square was applied. 

The customer came back with the statement that the company’s 
price was high, “probably because their tolerances were too close.” 
He enclosed a revised drawing (Fig. 4) on which the tolerances 
were about ten times those the company had asked. A price was 
then made which was about one-third that originally quoted, and 
the order was obtained. In the first instance the pieces would 


have had to have been lapped and measured in a constant-tem- 
perature room. The change made it a fairly simple job of grinding. 
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The customer saw what his unnecessarily close tolerances would 
cost him. 

Fig. 5 shows an inquiry for gages, apparently for ordinary shop 
use in a plant building motor trucks. No statement is made as 
to how or at what temperature the gages would be measured, nor 
as to the diameters required. The tolerance of 0.00002 on a 1-in. 
Class A gage represents the change in size which would be caused 
by a temperature change of 3 deg. fahr., or on a 2-in. gage by 1'/» 
deg. fahr. Such gages, though expensive, can be supplied, but of 
what use would they be in the shop? An hour’s use would wear 
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lic. 6 TOLERANCES ON AN AUTOMOBILE TRANSMISSION GEAR 


them out of tolerance. Notice also that in one case the gage tol- 
erance on the ‘‘No Go” is greater than on the “Go.” It should 
obviously be less, because the ‘‘Go’’ gage wears, and it wears toward 
the limit if its tolerance has been properly placed, while the “No 
Go” gage, if made within limits, wears away from the limit. It 
can wear but little unless forced, and there is no inducement to 
force it because to do so rejects work which might pass. It is 
logical to make the gage-maker’s tolerance on the ‘‘No Go”’ half 
as great as on the ‘‘Go’’ member. 

The shop drawings of a certain automobile transmission gear 
gave the dimensions and tolerances as shown at the bottom of 
Fig. 6. The only important dimension is from the shoulder to the 
bottom of the hole, shown at the top. This did not appear on the 
drawing until a lot of gears had been spoiled. The end of the gear 
fitted nothing and might have varied a thirty-second of an inch. 
The tolerances as originally placed made it necessary to hold two 
dimensions, one of them quite unimportant, to a tolerance of 
0.002 in. each, while the revised figures above gave a single di- 
mension with a tolerance of 0.004 in. 

Smooth-running gears are about as difficult to produce as any- 
thing which passes through the machine shop, chiefly because of 
the lack of means for measuring the one essential dimension. Out- 
side diameter, tooth thickness, backlash, eccentricity, etc., can be 
directly measured, but they are of secondary importance. Various 
involute testers have been devised, but they do not give directly 
the controlling dimension. In fact, the truth of the involute is 
not important so long as the two mating tooth forms are conjugate; 
that is, for perfect action each must generate the other. 

Fig. 7 shows two spur gears meshed with each other. The heavy 
line represents the straight-sided basic rack from which the involute 
teeth are generated and with which they will run. The perpen- 
dicular distance P, between the parallel faces of two adjacent 
rack teeth is the normal pitch, which is the perpendicular distance 
between two parallel planes making simultaneous contact with two 
adjacent tooth profiles. It is equal to the developed length of the 
are on the base circle subtended by one tooth. It determines the 
angular movement of the gear while that tooth is in action. If 
the tooth spacing is not uniform this angular movement varies. 
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If the mating gears are not conjugate in form and of the same 
normal pitch, the driven gear will either be bumped ahead or al- 
lowed to drop back as each tooth of the driving gear comes into 
action. An error of 0.0001 in. in normal pitch is of the same order 
of importance as an error of 0.001 in. in any other dimension of 
the gear. This is only beginning to be appreciated. The author 
has a beautiful booklet, issued about a year ago by the makers of 
one of the best-known fine cars in America, featuring their ground 
transmission gears, which it is claimed are held to an accuracy 
of 0.0005 in. A gear having an error of 0.0005 in. in normal pitch 
would be rejected by most makers of second-rate cars. 


A GaGer For TESTING GEARS FOR INVOLUTE TooTH CURVES AND 
SPACING 


Fig. 8 shows an instrument devised to give, for the first time, 
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Fic. 8 INSTRUMENT FOR Direct MEASUREMENT OF THE NorMat P! 
oF INVOLUTE Spur GEARS 


a direct measurement of normal pitch. It consists essentia 
of two plane parallel faces, A and B, corresponding to two rack 
teeth, the distance between which is variable and readable in ten- 
thousandths by means of a multiplying lever and dial indicator. 
By means of this it is possible to tell before removing a gear from 
the grinding machine whether it will run smoothly with any other 
gear whose normal pitch is known, and make corrections if needed; 
also to match up any gear of which there is a record. This is offered 
as an illustration of the value of direct means for measuring any 
dimension which must be held to close limits. Until this instru- 
ment was developed it was not possible to tell whether a gear would 
be satisfactory until it had been run with its mate. If it was not 
there was no way of telling what correction was needed. The one 
critical dimension could not be measured. 


SUMMARY 


To summarize: In order to manufacture to close limits, it must 
be possible to measure to still closer limits. 
(Continued on page 205) 











~ >, 











ust 





Coal-Storage Systems 


By H. E. BIRCH! AND EH. V. COES,? PHILADELPHIA, PA. 


This paper deals with the advantages and limitations of various devices 
and systems in a general way. Little is to be said of detail design, as it 
is the purpose of the Materials Handling Division to hold Local Section 
meetings at various centers, at each of which it is hoped to discuss in detail 
the various units covered by this paper. Particular attention is purposely 
given to the limitations of devices, as practically all that is written on the 
subject states only what a device was designed to do and how well it accom- 
plishes its object. 


HE storage of coal at the power house to insure a constant . 


and ample supply is as necessary as is a constant and ample 

supply of water, but unfortunately the coal supply must be 
maintained at the plant, necessitating a considerable investment 
in both handling facilities and in coal inventory. This seems to 
be necessary since past experience has proved that there are too 
many links between the unmined coal and the boilers. Mine 
strikes, railroad strikes, severe winters, high-priced coal, poor 
quality of coal, lack of transportation facilities, are some of the 
reasons for storing coal against future needs. 

The amount of coal storage desirable depends on the factors 
of distance from source of supply, adequacy of rail or water con- 
nections, the seriousness of a possible shutdown, the probable 
future growth of the plant, and perhaps other local considerations 
which must be weighed separately for the particular plant in ques- 
tion. Our experience has been that few designers or owners can 
keep pace with future requirements. That which seemed ade- 
quate when built is woefully lacking today in size and capacity. 
Therefore it is necessary to keep well in mind the possible future 
expansion of the plant, not necessarily installing today for the 
future, but designing in such a manner that the future can be 
taken care of without scrapping equipment. 

The storage pile should be adjacent to the boiler house and in- 
timately linked thereto in such a simple manner that the coal to 
be unloaded can go either direct to the boiler house, or be diverted 
to the ground storage. The storage means adopted should be such 
that the coal is normally handled direct to the boiler house, treat- 
ing the storage as a reserve. 

sefore considering in detail the advantages and disadvantages 
of the various systems in general use, it is well to give thought to 
those factors which are eommon to all systems, such as spontaneous 
combustion, unloading cars, rate of handling, etc. 

Since spontaneous combustion is not a paper theory but is an 
actual fact, it follows that: 


Coal should be stored in such a manner that spontaneous 
combustion will be prevented; and that 

A storage system should be selected that can be utilized to 
easily and rapidly fight a fire which may occur through 
failure to store coal properly. 


SPONTANEOUS COMBUSTION 


The generally accepted theory of spontaneous combustion is the 
generation of heat by oxidation. Many devices store coal by the 
“eone’”’ method, as shown in Fig. 1. That is, the coal is piled by 
dropping it from a single point, or in a straight line, the larger 
lumps rolling down the sloping sides of the conical pile. The pile 
thus formed consists of lumps at the base and fines above, as illus- 
trated. Sufficient air is admitted at the base to start and main- 
tain oxidation, while the blanket of fines prevents the escape of 
the generated heat. If the coal is discharged from an overhead 
telpher, trestle, or fixed conveyor the same condition obtains for 
the full length of the pile. 

The idea should be to store coal without this segregation, in 
such a way that the interstices are filled with the fines, as shown in 
Fig. 2, where the piling is done in horizontal layers, producing a 

> mnsineering Manager, R. H. Beaumont Co. Mem. A.S.M.E. 

Manager, Ford, Bacon & Davis. Mem. A.S.M.E. 

Contributed by the Materials Handling Division and presented at the 
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more or less homogeneous mass in which the oxidation is prevented 
or retarded due to lack of air. 

Storing of sized lumps prevents spontaneous combustion, be- 
cause while plenty of air is admitted to the pile, the elimination 
of the blanket of fines permits the generated heat to escape freely. 
This method, however, presents practical difficulties, since usually 
the plant will have to store ordinary run-of-mine or crushed coal, 
and the problem of using the fines as they are screened out of the 
coal as received would have to be solved, or a separate storage 
provided for them. The added expense of this, plus the cost of 
the screening plant, seems to eliminate this method of storing, as 
there is no advantage gained over the horizontal-layer method of 
piling. 

In all coal storage piles there is a point at a certain depth below 
the surface which may be termed the “critical point.” It occurs at 
that point which is just low enough in the pile to prevent the escape 
of the heat and at the same time not so low that air through the 








Fig. 1 DiaAGRraAMMATIC REPRESENTATION OF THE SEGREGATION OF LUMPS 
AND FINES IN CONICAL COAL PILE 
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Fic. 2 DItaGRAMMATIC REPRESENTATION OF THE UNIFORMITY OF LuUMps 
AND Fines 1nN Coat PILED IN HORIZONTAL LAYERS 


surface cannot feed oxygen to maintain the heating. It is gener- 
ally conceded that the fire will occur at this “critical point.” With 
screened coal in storage the air can penetrate much deeper to supply 
the necessary oxygen and the critical point is very low. With 
homogeneous storing the surface penetration is very limited due 
to the voids being very effectively filled with fines, and therefore 
the critical point is near the surface and is subject to change in 
temperature between day and night, and by winds, etc., causing 
it to move. If this point is deep in the pile it will not be affected 
by such outside temperature changes. Since the oxidation of 
coal is not an instantaneous process, it follows that if we can store 
coal in such a way that a continuous change of the critical point 
takes place, spontaneous combustion will be effectively prevented. 
It is doubtful whether the depth of pile has much influence on spon- 
taneous combustion. Twenty feet seems to be a good average 
height, based on actual practice, although there are many cases 
where the pile is over 30 ft. deep. 

Under-water storage solves the chemical end of the problem, 
but adds materially to the handling problem. The handling facili- 
ties must be either a grab bucket or a cable drag scraper, and means 


189 


pale ccd Oe 


SST 





Care ere, 


- 


Tp i ee 


Pee 


ol Std i a 





190 


must be provided to drain off the excess water before the coal is 
fired. The additional expense of such a system does not appear 
to warrant its adoption in view of the slight savings effected. 


UNLOADING RatLroap Cars 


Unloading railroad cars presents a complex problem, since the 
types vary considerably and the coal may be frozen solid in the 
car. In the East practically all the cars are the bottom-dump 
type, and the usual practice is to employ a hopper in a pit beneath 
the railroad track, from which coal is taken by the material-handling 
device. This is true even where a grab bucket is used in order 
to avoid the loss of time cleaning out the hopper bottoms of the car. 

The rate of unloading depends to-a great extent on how fast 
the car can be unloaded. Under ideal conditions a 50-ton car 
can be unloaded in 20 minutes, assuming dry coal, summer weather, 
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and a car that has not been on the road long enough to pack the 
coal. Unfortunately, these ideal conditions are seldom realized. 
Assuming that the 20-minute rate can be maintained, it is necessary 
to make the track hopper large enough to hold sufficient coal to 
keep the material-handling system loaded while the next car is 
being moved over the hopper. 

Practical considerations have shown that about 100 tons per 
hour is the maximum rate that can be attained when unloading 
50-ton cars into a single-track hopper. For higher capacities it 
is necessary to use a double-track hopper. 

With flat-bottom cars it is necessary to provide means to un- 
load them. A grab-bucket crane is usually employed for this 
purpose, in which case the hopper should be wide enough to en- 
able the bucket to discharge over the side of the car into the track 
hopper. 

Car Dumpers. For very large plants, unloading at high hourly 
rates, it is necessary to use a car dumper in order to maintain the 
rated capacity of the system over a considerable period. About 
200 tons per hour is the maximum that can be expected when 
unloading 50-ton cars into a double-track hopper. 

Two types of car dumpers are in general use, one lifting the car 
in a cradle, and the other revolving it in a cage. The revolving 
type is shown in Fig. 3. It consists of a structural-steel cage 
holding one car, and is fitted with tires running on trunnion bear- 
ings. Clamps hold the car while the cage is revolving, these being 
operated by motors, as is the rotating mechanism. 

The lifting-type dumper requires larger motors and a much 
larger structure, but the revolving-cage type requires a deep pit, 
which fact dictates the use of the lifting type on docks and where 
a deep pit is objectionable, regardless of cost. While the revolving 
type uses smaller motors, it discharges the coal 30 ft. or more 
below ground, from which point it must again be elevated. We 
are of the opinion that the power required to operate these dumpers 
is the same for the same amount of work done, that is, to get a 
stated amount of coal out of the car to a point, say, 50 ft. to 75 ft. 
above grade. The probable difficulty with the lifting type is that 
the larger motors necessary may cause too much of a “bump” on 
the line. In using either type of dumper, or even where only a 
double-track hopper is used, care must be taken to provide ade- 
quate track facilities to handle the traffic and to provide ample 
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room for storage of both loaded cars and empties beyond the un- 
loading point. 

Specified Capacities. It is important when considering large 
installations to know whether the specified hourly capacity is 
based on what the equipment can be made to do in a one-hour 
test, or whether the intention is that the specified rate must be 
maintained over a ten-hour period. Is the unloading rate 250 
tons per hour, or is it 2500 tons in ten hours? 

There is a vast difference between these two capacities. For 
instance, a steeple tower operating a grab bucket unloading barge 
will attain its maximum capacity while breaking down the cargo 
but when the barge is almost empty its hourly capacity is reduced 
by the inability to get coal to the bucket. The cleaning-up proc- 
ess requires considerable time, and this has a serious effect upon 


_ the total length of time to unload the barge, so that the averag: 


rate will be found to be considerably less than the maximum rate. 

The same principle holds true in any system, whether for boat 
or car, but it is more pronounced in the boat because with a railroad 
car the hopper beneath the tracks can be made large enough to 
contain sufficient coal to feed the m»cerial-handling device while 
the car is being cleaned out, whereas with the barge, the grab 
bucket itself must clean out the coal. 

Another point to bear in mind in connection with grab-bucket 
machines is that if the hourly capacity is distinctly specified by 
the engineer as a fixed number of tons per hour, the builder of the 
equipment is apt to rate his machine at this capacity, but stipulate 
that this is while breaking down the cargo (when unloading barges), 
and with an expert operator. If a machine is being installed to 
operate under average conditions, the capacity should be tested 
with these average conditions obtaining during the test, and the 
specifications should make this clear. 

Frozen Coal. Coal in railroad cars will freeze, introducing a 
serious problem that cannot be solved by ignoring it. If the cars 
are to be unloaded by a car dumper, it is only necessary to thaw 
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out a thin layer of the coal next to the steel sides of the car. ‘Tliis 
can be done in a thawing shed employing hot air, or outdoors by 
a direct application of steam lances to the sides of the car. Ii 
the coal is to be unloaded into a track hopper, it is necessary to 
introduce steam into the bottom of the car as well as against 
sides. In a few plants an overhead ram is used, shaped some- 
what like a large chisel and acting like a pile driver. This device 
is motor driven and travels on overhead tracks longitudinally ove! 
the car. Its purpose is to break down the frozen coal to permit 
it to flow by gravity through the hopper doors. 

Coal in ground storage will sometimes freeze to a depth of 4 
foot in severe weather. If a grab bucket is used, it must be heavy 
enough to break through this crust to get at the loose coal beneath. 

With a cable drag scraper it may be necessary to use dynamite 
to expose the loose coal. It is not necessary to break the entire 
crust as once the hole is made and coal dug out, the loose coal will 
flow toward this hole from beneath the crust, removing its support 
and thus automatically breaking the crust. With either system the 
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size of pieces that the crust must be broken into is not dictated 
by the ability of the material-handling device to transport them, 
but solely by the ability of the crusher to “bite” these lumps. 

In cases where slack coal is stored, and where the coal goes 
through the crusher prior to being stored, provision should be made 
for recrushing frozen coal. 


UNLOADING Boats 


The Steeple Tower. A typical steeple tower is shown in Fig. 4. 
It is essentially a grab bucket controlled by a double-drum hoist, 
the rope leads operating over a trolley running on a horizontal 
boom which projects over the boat. A separate drum controls 
the movement of the trolley, with one man controlling the entire 
operation. 

This device is a hoist, and does not attempt to transport the 
coal also, as do some other grab-bucket systems. When unloading 
a boat a grab bucket is necessary, but it is not necessary to keep 
coal in the bucket until it reaches the storage pile or boiler house. 
The capacity depends on the length of haul in any intermittent 
material-handling system. Therefore, the longer the haul, the 
larger the bucket and the higher the speed in order to maintain 
capacity. This is not satisfactory because as the bucket gets larger, 
the speed at which it can be handled decreases. The ideal plant 
is that which does the work for the lowest cost per ton, taking into 
account first cost and operating and maintenance charges. It is ob- 
vious that the first cost is largely controlled by the size of the 
bucket and its operating speed, and large high-speed buckets 
mean larger supporting structures and foundations, thus further 
increasing the cost. 

One advantage gained by a low tower is that the operator is 
close to the barge and can clearly see the bucket at all times. This 
is important, because the fog and smoke usually prevalent along 
the water front make it impossible at times for the operator ina 
high tower to see the barge. Night work with a high tower is 
also very difficult. 

The grab bucket, even on such a highly efficient device as a 
steeple tower, is by no means a simple device. There are six sepa- 
rate motions for the bucket per cycle, and each must be manually 
controlled, which slows down the operation. It does not seem 
susceptible to automatic operation, due to the nature of its duties. 
The difficulty with electrical operation seems to be mainly in 
controlling the load while lowering the bucket, when alternating- 
current motors are used. This is true of any hoisting equipment 
unless direct current is used, which presents no difficulties. 

In considering capacities, speeds, etc., for a given tonnage, 
the size of the hatchways may determine the maximum size of 
grab bucket, regardless of other factors. Also, for high-capacity 
installations it will probably be better to use two steeple towers. 
The first cost will be little if any higher than for the larger tower, 
and positive insurance against interruption of supply is secured, 
as it is unlikely that both towers will be out of commission at the 
same time. Demurrage on boats far exceeds railroad-car de- 
murrage, which is an additional factor in favor of the two smaller 
towers, even if their use were not dictated by the impossibility of 
working the larger bucket on the single tower through the hatchways. 

Consideration must also be given to the kind of boats that will 
be received. Will they be narrow river barges, ocean-going barges, 
or vessels with masts? With any of them, shall we move the 
barge or move the tower, to completely cover the boat? If the 
lormer, care must be taken that there is sufficient room for this 
maneuvering, which is similar to the traffic problem which must 
be solved when locating a car unloading to a track hopper. The 
usual practice seems to be fixed towers, not because it is more 
economical to move the boat, but because the steeple tower, being 
a hoisting system only, is tied in with the means for delivering the 
coal to storage or to the boiler house. 

Mast and Gaff. This device is used only for smaller installations, 
where the cost of a steeple tower would be prohibitive. Its use 
1s confined to unloading and delivering its load to the dock or to 
an elevated hopper. It uses a grab bucket operated by a double- 
drum hoist, either steam or electric. The mast swings through a 
fixed are and cannot be “peaked,” as can a locomotive-crane 
boom. Since it is a fixed device, it cannot be used if the barge 
cannot be moved while being unloaded. 
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Stiff-Leg Derrick. This device is seldom used for unloading 
boats. Its cost is greater than the mast and gaff, and probably 
somewhat greater than the locomotive crane. It has one advantage 
over the mast and gaff in that its boom can be peaked. Like the 
latter, it is a fixed device, and the stiff legs often take up valuable 
space. 

Locomotive Crane. This device has been very extensively used 
for unloading boats. With any grab-bucket machine the operator 
should be able to see his bucket at all times. With a barge almost 
empty, and at high tide, the top of the barge is apt to be higher 
than the operator, and he is forced to work blindly. It is a simple 
matter to extend the operating levers to an elevated cabin, and 
this slight additional expense has considerable effect on the hourly 
capacity. When the barge is being cleaned up, men are apt to 
be at work, out of sight of the operator, and this overhead cabin 
should be insisted on as a safety measure. When using a loco- 
motive crane, a short track should be used to obviate the necessity 
of moving the barge any more than is necessary. 

A locomotive crane performs very efficiently when confined to 
hoisting a grab bucket and delivering its load to some other device, 
but it is often saddled with additional duties which greatly lower 
its efficiency, as when it is used as the distributing medium, to 
shift cars around a plant, or for other duties, which because of its 
mobile nature it is frequently called upon to perform. When it 
must travel to stock out the coal it immediately ceases to function 
in its prime capacity as a hoisting device, with the consequent 
lessening of hourly capacity. 

While it is true that in some plants the locomotive crane can 
admirably perform these various functions, yet it is frequently 
called upon to do all of this work when it should be restricted to 
the single function of getting the coal out of the boat. This it can 
do with small quantities just as well as a steeple tower, and much 
better than the mast and gaff or stiff-leg derrick. When compar- 
ing it with the steeple tower it must be remembered that it cannot 
lift coal as high as can a steeple tower, nor as swiftly, but as al- 
ready pointed out, the height to which a steeple tower can raise 
the coal may be a disadvantage under certain conditions. The 
locomotive crane is very often used in plants where its function 
could be better performed by other devices, simply because it was 
purchased for use during construction. 

Bridge Tramway. This device is used for the combined purpose 
of boat unloading, storing, and reclaiming coal. It is frequently 
used, since, because a grab bucket must be employed for the un- 
loading service, it seems as though the simplest thing to do is to 
retain the coal in the grab bucket and merely run it back over 
the storage area. While this seems logical, consideration should 
be given to several disadvantages which become apparent upon 
study of the subject. The bridge tramway for any considerable 
capacity becomes a very expensive device, as a long bridge must 
be used to support the grab bucket over the storage pile; also, 
the size of the bucket must be considerably increased over the size 
that a steeple tower would use, because it is engaged in the dual 
duty of unloading the coal and running it back to storage. It 
cannot handle both of these duties without being made sufficiently 
large, in order that the time lost may be made up by the volume 
handled per cycle. 

The length of the storage area parallel with the dock front can 
be no greater than the dock front itself, unless some horizontal 
distributing conveying means parallel with the dock front is em- 
ployed. To do this, however, adds to the installation and operat- 
ing expense, and requires a second handling of the coal to transfer 
it from this conveyor back into the storage area. The addition 
of this horizontal distribution merely deposits the coal in a long, 
narrow pile under the bridge, which must later be stocked out. 
Then, too, the expense of building a dock on the water front 
sufficiently strong and stable for the bridge-tramway load is very 

reat. 

: In an endeavor to increase the hourly capacity of the bridge 
tramway, a belt conveyor is frequently put on the bridge to reduce 
the service that the grab bucket is called upon to perform. In 
this case the grab bucket confines itself to taking the coal out of 
the boat and depositing it immediately, as does the steeple tower. 
The difficulty with this idea is that the reclaiming of coal from the 
storage pile is not improved by the addition of this belt conveyor. 
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In addition to the above disadvantages there is the consideration 
of the future extension, as before mentioned. 

The bridge tramway is a rigidly fixed device, as the span of the 
tramway is absolutely fixed. A common fault of the bridge tram- 
way is that one end is frequently mounted on the boiler house or 
bunker, and this often fixes the dimension of the storage pile forever. 

The locomotive crane is entirely opposite to this, as it is the very 
essence of a mobile device, and with it the storage is not so restricted 
as it is with the bridge tramway, although there are other disad- 
vantages of the locomotive crane which will be considered later. 
Nevertheless the bridge tramway has been frequently used in the 
past, particularly on the Great Lakes, for handling coal and ore. 
It is in common use at steel plants for handling the stock pile, but 
we are of the opinion that its greatest use and growth were made 
in past years, when high capacities were not usual. One or two 
of the disadvantages mentioned are really more applicable to high- 
capacity plants where it is absolutely necessary for the grab 
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bucket to discharge its load at the earliest possible moment, leaving 
to some other device the storing and reclaiming. 

At the 1923 convention of the Iron and Steel Electrical Engineers 
at Buffalo, N. Y., one of the papers treated of the wind and skew- 
age hazards in bridge tramways and the special electrical control 
that has been developed to take the control automatically out of 
the hands of the operator until the condition of high wind or skew- 
age has been remedied. That this hazard is a big factor in the 
operation of these devices, is well known, and apparently it is being 
given serious consideration in an endeavor to force safety auto- 
matically. 

Man Trolley and Monorail Telpher. These two machines may 
perhaps be considered as brothers, the man trolley being used for 
larger capacities and the monorail telpher for smaller systems. 
These two devices may be used instead of any of the machines 
previously discussed for boat-unloading service, and, provided 
they limit their activities to this duty, there is no serious objection 
to them. However, due to their very nature they are apt to be 
misused by permitting them to run back over the storage area to 
store out the coal, which again brings the objection of reduced 
capacity and the difficulty of securing homogeneous storage. 

With the man trolley, the overhead supporting structure has to 
be very massive because, unlike the bridge tramway, the entire 
hoisting equipment travels with the bucket, including the operator, 
and this means a very large and heavy boom projecting over the 
boat. This introduces the difficulty of having to provide means 
to raise or swing sideways this heavy boom, since very few installa- 
tions can be made where the boom may be fixed. 

If either the man trolley or the telpher is used to both unload 
the coal and to store it out, naturally it must store out and reclaim 
the coal in a single line. Assuming that the pile is 20 ft. high, it 
will be about 55 ft. across the base, and since the grab bucket will 
only be about 4 ft. wide, it is obvious that only about 55 per cent 
can be reclaimed by the machine because of its fixed path. The 
monorail telpher is only used for small capacities and in those 
cases where the runway must follow a tortuous path. The fact 
that both the man trolley and telpher have to carry their machinery 
with them, limits their size. 


SToRAGE SysTEMs 


Railroad Trestle. Perhaps the earliest type of storage system was 
the railroad trestle. Many plants were built to receive their coal on 
elevated trestles, but today it is becoming obsolete as a complete 
system. Some trestles are still being built, but most of them be- 
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cause topographical considerations force them. These cases are 
-not to be mistaken for storage systems, for the trestles only serve 
the purpose of supporting the railroad cars. A single unloading 
point is used, and a separate storage system linked to this point. 
Trestles were started by the railroads years ago, principally for 
locomotive coaling docks, the idea spreading rapidly on the 
assumption that if all material-handling equipment were eliminated 
the resulting system would naturally be the best. 

A railroad trestle is expensive to build. It is an obstruction on 
the property that effectively prevents a logical expansion of the 
plant. It does not permit much coal to be stored under it, nor does 
it store coal homogeneously. It stores coal, but cannot reclaim it. 
The embedded timber supports of the trestle are a prolific source of 
fires, which start at these timbers. 

The railroad trestle permits very fast dumping, provided the 
coal will flow well out of the cars, but there is no advantage in 
dur ping the coal faster than it can be stocked out. Because of 
difficulties in unloading railroad cars, a trestle 
will not attain a higher hourly capacity than 
can be obtained with a ground track and a 
track hopper. The problem of getting the 
coal out of the car is not solved by raising 
the car 15 or 20 ft. above the ground. 

The trestle, to store a reasonable amount 
of coal under it, will be of such a height that 
the approach will be long and expensive. 
Furthermore, once built it is practically fixed 
forever, making it more rigid than any system 
using mechanical-handling means. If the 
ground contour is such that a natural de- 
pression cannot be utilized to avoid the approach, the system must 
be considered as dangerous, especially if the approach is steep, for 
at some time or other a car will get away and cause serious accidents. 

Locomotive Crane and Trestle. Obviously we cannot afford the 
expense of covering the entire storage area with trestles, and must 
therefore use it merely as an auxiliary to the complete system, 
primarily as an unloading means and, in the case of a locomotive 
crane, as a means of forming a long pile, and so eliminating the 
necessity of the crane traveling with each bucket load. 

Fig. 5 shows a typical cross-section through a coal-storage area, 
using a trestle and locomotive crane. The illustration gives the 
capacities per running foot, both with the crane tracks left open 
and covered. The tracks should not be covered, however, because 
of the difficulty of fighting fire, which is one of the dangers with this 
system due to the effects of conical piling. Conceding, then, that the 
tracks must be left open, it is apparent that for 2 continuous section 
20 ft. deep there is more air in storage than there is coal, which 
means that either more property must be used or less storage 
maintained when comparing it with any system that will form a 
continuous pile, such as the bridge tramway or the cable drag 
scraper. 

The trestle-and-crane system must have some means of transport 
ing the coal when reclaiming. Obviously the crane cannot be per- 
mitted to do this for each small load. The most satisfactory way is 
to have the crane reload into the railroad car, or into a smalle: 
privately owned car, and let the crane shift it to the boiler house. 
The car should be of the bottom-dump type, to avoid the time lost 
if the crane has to dig out the coal. The unloading hopper in this 
ease should be extra large, otherwise the crane will have to wait 
until the conveying system has unloaded the car through a smal! 
track hopper. 

Locomotive Crane and Conveyor. This system is practically iden- 
tical with the previous one, except that a scraper flight conveyor or 
belt conveyor is used to form the continuous wedge-shaped pile 
from which the crane stocks out. It has advantages over the 
previous system in that all the disadvantages of the railroad trestle 
are eliminated, and that the locomotive crane is confined to a single 
duty and does not have to act as a shifting locomotive. It re- 
loads into a traveling hopper, which feeds the conveyor. 

When contemplating the use of a locomotive crane in connection 
with either a railroad trestle or overhead conveyor, there are one or 
two other points which must be considered which also apply to the 
locomotive crane for any coal-handling service, either for unloading 
boats or cars or for storage of coal. 
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The vogue of the locomotive crane is not due entirely to its 
adaptability to the various coal-handling problems to which it is 
applied, but more because it is a definite, purchasable, handy device 
which performs very well a variety of duties, but no one duty 
exceedingly well. It can hoist coal like a steeple tower, but not as 
fast; it can swing and distribute coal like a bridge tramway, but not 
as fast; it can shift coal cars on the siding, but not as well as can a 
shifting locomotive; it edn unload coal direct from cars, but, not as 
well as can be done with track hopper discharging the coal in the 
ordinary way. 

With any considerable storage area it is necessary to provide 
additional tracks, and these tracks, because they should not be 
covered, materially reduce the capacity of the storage. If in such 
cases the supply of coal comes in on a single-line trestle, it may be 
necessary to rehandle the coal to stock it out over a large storage 
area. The cost of the additional crane tracks required to do this is 
. serious item, particularly as they require a firm roadbed which 
cannot be obtained very well near a water front. The tracks 
must also be level, not only to permit the crane to run along the 
tracks, but also to keep level the revolving turntable of the crane. 

A locomotive crane will need many repairs after having seen a 
few years of service, and therefore a machine shop must be nearby 
to keep the crane in order. This is such a serious item in large 

stallations that a single crane should not be depended upon. At 
cast two should be used if the plant is to be kept running. 

The advantages of the locomotive crane seem to be that a single 
machine is used for doing all the work, and it affords greater flex- 
ibility for placing coal in storage and reclaiming. It is not a rigidly 
fixed machine, as the tracks can be relocated at will, and further- 
more the crane is handy for other duties around the plant, which 
may be of greater advantage in small plants where the coal-handling 
duty does not require much of its time. 

Storing and Reclaiming Conveyors. The locomotive crane-con- 
veyor system is often modified where a large amount of storage is 
not required, by reclaiming the coal with a conveyor running in a 
tunnel underneath the coal car. Such a system is shown in Fig. 6. 

This system is defective in that it is impossible to store coal in 
horizontal layers, and that only about 50 per cent of the pile is 
tributary to the reclaiming conveyor in the tunnel. This difficulty 
is similar to that of the monorail telpher, but the system has the 
advantage of being able to handle coal at a much higher rate than 
will the telpher system. Unlike the telpher, however, it must run in 
a straight line, and cannot go around curves as can the telpher. 
Another disadvantage is that the reclaiming tunnel serves as a good 
flue to deliver air to the bottom of the pile, and thus provides a 
means to start and maintain spontaneous combustion. 

Cable Railway and Electric Cars. The cable-railway system has 
been principally in New England, along the water front. It con- 
sists of an endless-rope haulage, with cars attached to it at intervals, 
the whole running on an elevated trestle, usually built of wood. 
It has one decided advantage in that it uses cars, which in many 
Ways is vastly superior to any system using continuous conveyors 
of any kind. Its principal disadvantage is that it can stock out the 
coal but cannot reclaim it, and it seems that in order to receive 
serious consideration any device ought to be able to perform both 
ol these functions. 

Another disadvantage is that in order to support it, bents have to 
be spaced about every 20 ft., and this in itself is apt to start a fire. 
This seems to be due to the formation of air pockets under the 
horizontal or inclined bracing members. 

The capacity of the system can be easily increased by adding 
more cars and spacing them closer together. While the cable-car 
system is not subject to interruptions due to inclement weather, 
any trouble with the cable or with the driving mechanism affects the 
entire system. Also with the cable cars it is necessary for every 
car to make a complete circuit. 

Because of these difficulties the electric car is being substituted for 
the cable car. Modern installations such as that of the new station 
of the Brooklyn Edison Company use steeple towers for unloading 
the barges and electric cars for horizontal distribution over the boiler- 
house bunkers. Because of the fact that the electric car is complete 
in itself, any trouble that is experienced with the mechanism affects 
only a particular car, and it can be taken out of service without 
interfering with the operation of the system. 
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If the electric car is working entirely outdoors, trouble may be 
experience from sleet and snow unless the feeder rails or trolley wires 
are protected. Electric cars are more dangerous than cable cars, 
due to exposed feeder rails. The foregoing objections, however, are 
not serious. 

With either cable or electric cars a track scale may be used to 
automatically record the weight of the load passing over it. This 
automatic scale will weigh and record the weight to within one-half 
of one per cent of the true weight of the coal. 

The electric car for this service is not a new development, one 
system having been in continuous operation for twelve years, 
another one for six years, etc. The difficulties experienced have 
been minor ones, such as the journal-box hangers breaking because 
they were cast iron instead of cast steel. Design difficulties of this 
nature are easily remedied, and a very satisfactory operation can 
be counted on. Like the cable-railway system, the electric car 
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is purely a stocking-out device. It does not reclaim the coal but 
must work in connection with a reclaiming mechanism. 

The Automatic Railway is another example of a device that 
stocks out but which does not reclaim. This is a gable-bottom car 
operating on an overhead track, the first portion of which has : 
rather sharp grade downward to give the car a quick start when it 
is pushed off the loading level. The next section of the track is on a 
3 per cent grade to maintain the starting speed, and the last 50 
ft. or so is level. Just before the car strikes the movable dumper 
which opens the doors, it engages with a cable fastened to a counter- 
weight arrangement, the car being stopped by the energy expended 
in raising this weight. A movable dumper is set alongside the run- 
way to open the car doors at the proper moment, so that when the 
coal discharges, the weight of the dropping counterweight imparts 
sufficient momentum to the empty car to return it to the loading 
point. The counterweight box is adjustable for weight, as this fac- 
tor must be obtained by trial at the time of installation. 

Depending as it does on the effect of gravity, anything which may 
reduce the running speed, such as high side winds, will affect the 
operation. This prevents the counterweight raising high enough t« 
impart sufficient energy to return the car. 

Cable Drag Scraper. The cable drag scraper is a device for storing 
coal on the ground and reclaiming it with the same equipment. It 
is designed for this service only and cannot perform any other, such 
as unloading boats or railroad cars. Such being the case, coal must 
be unloaded by some other device and delivered to some point within 
the boundary of the system, from which point the scraper can stock it 
out to fully cover the area. When reclaiming, the scraper position is 
reversed on the haulage cable, the coal being delivered back to the 
same initial pile, or to any other desired point within the storage 
area. An outline drawing of a typical system is shown by Fig. 7, 
in which a track hopper is used to unload cars and a skip hoist ele- 
vates the coal to a crusher which delivers it either to the bunkers, or 
to a chute which forms the initial pile from which the scraper works. 
When reclaiming, the scraper delivers the coal back to track hopper 
and thence to the skip hoist. Cable-drag-scraper systems have been 
built for capacities from 40 tons per hour up to 550 tons based on 
an average haul of 100 ft. Two of the latter size are being in- — 
stalled at the Essex station of the Public Service Electric Company 
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of New Jersey, which company also has one of 275 tons per hour at 
its Perth Amboy station. The Hell Gate station also uses the 
cable-drag-scraper system for storing and reclaiming its coal. Fig. 8 
shows the scraper at Perth Amboy. 

With this system the storage area can be of any shape and need 
not be level. Only one operator is necessary. The system re- 
claims coal with the same speed and ease with which it is stored. 
Fire in any part of the pile may be easily and rapidly dug out. The 
operator is not handicapped by having to be near the burning area to 
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get to the heart of the fire, nor does he have te be at that point in 
order to spread out the burning coal so that it may be quenched. 

The salvage value of the system is high because of its mobility. 
The only connection between the cable driving drums and the 
storage area is the cable itself, and therefore it will fit any other 
storage area should it ever become necessary to move it to a new 
location. Extremely large quantities of coal may be stored with 
hardly any appreciable increase in cost. 

The maintenance of the system is low, due to the low cost of re- 
placing the steel cable, which constitutes the greater part of the 
maintenance. The operating means is very simple, consisting only 
of a lever or handwheel which reverses the continuously revolving 
drums, or a remote motor-operated control on larger machines. 

In some localities; where architectural appearance must be con- 
sidered, a wall may be built around the storage area, very effectively 
hiding everything. On other types of storage systems, high super- 
structures may be offensive. Such a case would be a pumping 
station located in a park. The cable drag scraper handles coal at a 
very low cost per ton. When it is remembered that the outdoor 
storage pile is a reserve supply and is there primarily as insurance 
against interruption of supply, the simplest reliable system should 
be used to reduce the carrying charges on idle equipment. Fur- 
ther, it should be a system that can be operated at any time by 
any one, particularly if it is not called upon to work except when coal 
is not received on schedule. 

The cable-drag-scraper system stores coal homogeneously. It 


. also stores it completely over the entire area. There is no necessity 


to have twice the amount of ground, as is the case with some 
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systems where tracks between piles must be kept open. Finally, 
since a reserve storage pile may not be called upon for weeks at a 
time, the handling system should be able to withstand the weather 
without undue deterioration. This the drag scraper can do, since 
the driving drums are inside a machinery house, the entire cable can 
be wound up on the drums, and the scraper can be stored under 
cover or protected with a tarpaulin. This leaves only the steel 
back posts, which are well able to withstand the weather. 

The two difficulties with the system are cable wear and shifting 
of the tail blocks to different back posts. These are not very 
serious, however. In a well-designed system, using balanced and 
swiveled tail blocks and simple direct rope leads, the rope wear 
should not exceed that on a tramway or locomotive crane. The 
ropes leading across the field are supported by the coal, which is 
graphitic in nature and, therefore, “kind’’ to the rope. This 
support also relieves the rope from tension stresses, which would be 
present in a suspended cable. 

The moving of the tail blocks presents little difficulty in the 
smaller systems, but is a serious factor in the larger ones. In fact, the 
large drag scrapers at the Adirondack Power Corporation and the 
Public Service Electric Company’s Essex station are designed to 
use a moving car to carry the two tail blocks instead of using post 
anchorages. 

The cable drag scraper is in the same family as the bridge tram- 
way, but it is not such a ponderous device, mainly because it does 
not attempt to lift the coal. It is only a spreading device, and by 
limiting the problem to this simple duty, high cost and ponderous- 
ness are avoided. It is not necessary to consider the lifting of th 
coal in connection with storing and reclaiming, because there is 
usually a lifting device of some sort necessary for other reasons. 

The Rope Cableway consists of a single-span cable sup 
ported by towers at each end and which carries a grab bucket 
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hanging from a carriage or trolley. If it is a simple fixed span, i! 
is open to the same objections as the monorail telpher or fixed co1- 
veyor, in that it stores the coal in wedge-shaped piles and cann:' 
reclaim much more than 50 per cent of the storage. Sometimes t! 

cable ends are anchored on movable towers in order to cover 4 
rectangular storage area, in which case serious limitations are mc' 

When this is done, a railroad track is usually run along one side of t! 
storage area and the grab bucket digs directly out of cars. This 
does not begin to solve the basic problem, the first element of which 
is to get the coal out of the cars. This can be accomplished on!y 
with a track hopper or a trestle, eliminating from consideration the 
car dumper as being beyond the capacity of the system being dis- 
cussed. A trestle is too expensive and too much of an obstruction 
to consider seriously, and a track hopper would have to be a digging 
pit extending the full length of the storage area. Such a pit would 
be more expensive than the trestle. The obvious solution, then, is 
to dig directly out of the car as much coal as possible and dump the 
remainder at a smaller central digging pit. This means of course 
that the entire device would have to be moved for each car, with the 
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possibility that, since the coal must be stored in a straight line 
opposite the pit, there will not be enough room there for it, which 
means rehandling. The rope cableway in which both towers travel 
las too many limitations, and therefore it is more common to pivot 
one end and support the other end on a tower which travels radially. 
his eliminates the unloading difficulties as a central dumping pit 
can be used, provided the railroad track can be brought to this point. 
The rope cableway is apparently an endeavor to improve on the 
bridge tramway, as it performs the same functions undoubtedly 
cheaper. Nevertheless we fail to recall any being used at blast 
furnaces where bridge tramways find their biggest field, though there 
may be other limitations which prevent this such as cantilever ends, 
etc. Since it performs the same functions as the bridge tramway, we 
may consider the remarks under that heading as applying to the 
rope cableway. 

Portable Conveyors have a field all to themselves for very 
small capacities where the installation of the larger system cannot 
be justified. They may be of the belt conveyor type or the chain- 
and-bucket-elevator type. These devices have been used in some 
instances where equipment of a more permanent nature should have 
been used, with a consequent “black eye” for a machine which has 
{ully justified its use in many small plants, retail coal yards, etc., 
that otherwise would still be employing shovels and wheelbarrows, 
or similar expensive methods at the present high labor rates. 

When these portable conveyors are made too big, while they are 
actually portable they are heavy when well built, and if they are 
not well built they will not stand up under the rough usage they get. 
The labor required to move them around is considerable. At least 
two men are necessary with a 24-ft. machine, and from 4 to 8 men 
for the very large ones. 

Portable conveyors form a conical coal pile, which is dangerous, and 
they require a large amount of repairing due to their necessary 
lightness. It is virtually impossible to secure long life, freedom 
from breakdown, etc., except by using good, heavy construction, 
and this is difficult because the machine is supposed to be portable. 

Miscellaneous Systems. A few methods have been used for 
coal storage which can be mentioned for the sake of completeness. 
Side-hill storage is sometimes used when the topography favors it. 
This system makes use of a steep hillside, dumping the cars at the 
top of the hill and building a retaining wall at the foot to retain 
the coal. 

lemporary storage piles have been built by the railroads and 
others by dumping the cars on the ground and then raising the track 
to the new elevation and so on until the pile is highenough. This is 
probably the worst of allsystems. The segregation of sizes natural 
with this system is exaggerated by the continued crushing of the fines 
by the cars and locomotive, which operate on the center line of the 
pile, where the fine coal is concentrated. The system also is unable 
to fight the fire which its method of storing induces. The cost of 
storing and reclaiming with this system is very high, in fact, high 
enough in one year to pay for and operate a mechanical system. 

The stiff-leg derrick mentioned earlier under Unloading Boats, 
may be used for storing and reclaiming, but it is a very rigid 
device, occupying valuable property, and it cannot swing through a 
full cirele. Neither can it reclaim all the coal it stocks out, the outer 
edges of the pile flowing away from the maximum radius of the 
boom. To overcome the limitations of the stiff-leg derrick a full- 
circle crane-type derrick has been devised, using a horizontal boom 
anu a traveling carriage. The boom is supported by a tower and is 
extended at the rear to carry the hoisting and trolleying drums and 
a counterweight. This type stores the coal in a circular pile, 
digsing out of cars or out of a dumping pit. To store coal the 
bucket must be lowered; closed on the coal; hoisted vertically; 
moved horizontally; the boom revolved; the bucket opened; the 
be om revolved back to the pit; the empty bucket moved horizon- 
tally; making eight distinct operations per cycle. It is obvious, 
theref ore, that this device is not suitable for high capacities. While 

it stores coal by the conical method, it has the advantage over some 
systems that it can get directly to the heart of a fire and spread the 
coal out easily and quickly for surface quenching. 

Lelt-Conveyor Stacker. This system uses a long belt conveyor 
built on the ground, and a stacking device which is essentially an 
immense tripper to which is attached a short pivotal belt conveyor. 
The ground conveyor discharges the coal to the stacker, which can 
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swing through 180 deg. of arc and can be raised or lowered in a 
vertical plane to prevent dust and breakage when discharging. The 
stacker travels on ground tracks which span the main belt conveyor, 
thus permitting coal to be stored on both sides. 

A reclaiming device operates on the same tracks as the stacker, 
and comprises a pivoted belt conveyor having at its end a loading 
device. 


Tue IpEAL SToRAGE PLANT 


Any system of cranes, drag scrapers, conveyors, or trestles should 
be measured by comparing its advantages and limitations with the 
following yardstick: 


1 It must be of such design that it can be easily extended both 
as to ground covered and hourly capacity to take care of 
future requirements 

It must meet the Operating, Maintenance, and Interest 
(O. M. I.) formula. Do not base the ton cost of handling 
and reclaiming the coal on the annual coal consumption, 
as all coal consumed may not be stored 

3 Boats or railroad cars must be unloaded rapidly and 

economically 


bo 


4 Coal should be stored in such a manner that spontaneous * 


combustion is prevented 
5 It must be a system that can reclaim the coal economically 
and one which can quickly and easily fight fire 
6 The system should be flexible enough to allow for future 
extensions and should not block growth of the plant. It 
should be mobile enough to readily adapt itself to an 
entirely new location 
The trackage facilities should be laid out to properly 
handle the coal traffic without interrupting the general 
plant traffic. Provide gravity facilities if possible for 
handling cars over the track hopper. 


Few, if any, storage systems possess or require all these ideal 
conditions. Storage facilities must be adapted to meet local 
conditions. 

After months of study in comparing the pros and cons of the var- 
ious ways and costs of solving a problem, it is often very difficult 
to choose the best system. While the disadvantages and limitations 
of each system must, of course, be studied, perhaps the most 
important comparison is the relative operating, maintenance, and 
interest costs, which have been referred to in a previous paragraph 
as the O. M. I. formula. This is the dollars-and-cents test and 
should always be made. 

The first cost of a plant should be considered last. Too often it is 
considered as being of prime importance, and the plant is eventually 
replaced by another in which the O. M. I. costs are lower. In 
other words, it is the cost per ton of coal handled, all factors con- 
sidered, that counts. The common fault in most systems is the 
maintenance cost. Under this head come reliability and dependa- 
bility. These are the aggravating and costly faults we usually get 
when first costs are too low. 

To consider the O. M. I. formula in order, the operating cost is 
simply the labor cost per ton handled, plus the cost of power, oil, 
etc. This often may be profitably reduced by increasing the hourly 
capacity without a corresponding increase in the interest charge. 

Maintenance is a more elusive factor. It not only includes the 
known and expected replacement costs and repairs, but covers 
the indirect and unfigurable losses, due to breakdowns, shutdowns, 
and derangements. The best way to avoid these costs is to ex- 


- amine the device or system in the same way that an automobile 


would be examined; that is, its general reputation, the fact that 
it is largely bought and well thought of, and that the manufacturer 
has been in business for a considerable time and expects to stay in 
the business of building the automobile that he has sold. How 
the device or system is thought of by the user is often much more 
valuable than how it figures out on paper. 

The interest cost always looms up as an important factor, but we 
are gradually learning to consider the other factors more seriously, 
especially when our own personal experience proves that our wor- 
ries as to costs on the plant we operate are seldom, if ever, in regard to 
the interest cost. Plants are rarely discarded because of their in- 
terest cost, and seldom discarded on account of labor cost unless this 
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is exorbitant. It is more common for a plant to be discarded because 
it is too small for the job, or because it is unreliable or costs too 
much for repairs and upkeep. 

Another view of the case is this: The interest and labor costs 
can be seen and determined accurately beforehand, but the de- 
pendability, repairs, and breakdown expenses cannot. Too often 
the one responsible for the selection of the system is not concerned 
with the ultimate cost per ton, but with the lowest initial invest- 
ment, which as pointed out, does not always result in the lowest 
cost per ton of coal handled. 


FUNDAMENTAL Economic Data REQUIRED 


The authors had hoped to be able to present charts showing all 
the comparative costs per ton of coal handled for several systems, 
and the total investment in the system, for various capacities and 
tonnages in storage, but it was soon found that too many conflict- 
ing apparent facts had to bereconciled. The designing, consulting, 
and operating engineers need just such data to aid them in picking 
out the system that is basically the soundest economically, par- 
ticularly for the industrial power plant as well as for the large 
central station. 

In view of the importance of this subject, the authors suggest 
that the Materials Handling Division appoint a committee to study 
and collect the necessary data for such charts and to report their 
findings and recommendations to the Division, much in the same 
manner as was so effectively done in the case of the Formula Com- 
mittee. 

For it must be borne in mind that our present immigration policy 
is, in effect, a protective tariff on labor, and as such is at present 
operating to raise labor costs. Thus labor-saving devices are 
more than ever being seriously considered and must needs be so 
considered as long as labor charges are a large item in a particular 
method of handling. 


Discussion 


HREE closely allied papers were presented at the Coal 

Storage Session of the A.S.M.E. Annual Meeting: namely, 
Factors in the Spontaneous Combustion of Coal, by O. P Hood; 
Economic Phases of Coal Storage, by F. G. Tryon and W. F. 
McKenney; and the immediately preceding paper by Messrs. 
Birch and Coes. The first of these papers was published in the 
December, 1923, issue of MErEcCHANICAL ENGINEERING, and the 
second in the February, 1924 issue. 

In opening the joint discussion which followed the presentation 
of the papers, W. L. Abbott, who presided over the session, said 
that periodically the coal industry in the country was subject to 
upsets. These upsets were temporary and might. be minimized or 
perhaps altogether avoided if coal users were sufficiently provident 
to lay up a supply of coal near the point where it was used. With 
the exception of coal practically every commodity which entered 
into our everyday use was stored up in quantities sufficient to 
tide over any temporary emergency. Why this was not done 
with the coal had been considered by the Federation of American 
Engineering Societies and it had appointed a Committee on Storage 
of Coal which had been studying the matter for some six months. 
The result of that survey would shortly be presented. In advance 
of the report it could be said that the Committee did not find any 
good reason why coal should not be stored in greater quantities 
than it had been in the past, although it found that coal was now 
stored in increased quantities over what had been the practice a 
few years ago. 

The reason why coal was not being stored was due mainly to the 
large initial cost of such storage with no scheme for financing such 
storage, and to high carrying charges. The question of insurance 
on this large supply of coal was also important. It was also not 
generally understood how this supply could be conveniently and 
inexpensively handled into storage and out again as needed. More- 
over it was supposed that coal deteriorated greatly in heating value 
from being left in an outdoor storage. But perhaps above all the 
reason which deterred most users from storing coal was the poten- 
tial danger of the whole pile taking fire and burning up. But the 
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studies which had been made of coal, under such conditions as 
prevailed when exposed to air outdoors, were now so well under- 
stood that it was possible with confidence to tell a coal user how to 
store his coal so that it would not take fire. When this informa- 
tion was generally disseminated there would be a pronounced in- 
crease in the practice of laying up a store of coal to guard against 
interruptions. 

If the transportation companies would install a differential rate 
for coal transportation—a little less in summer and a little more in 
winter—if the coal miner would consent to a wage rate which 
would be a little less in summer, when the demand was light, and a 
little greater in winter when it was heavy, the coal-storage prob- 
lem would settle itself. 

J. E. Davenport! submitted a written discussion in which he 
stated that the transportation industry was very much interested in 
the question of coal storage. The 9000 commercial bituminou- 
coal mines in this country were served by some 180 railroads di- 
rectly, and by all of the railroads in the country indirectly. Prac- 
tically the entire output of these mines was handled by the rail- 
road industry: to be exact, in 1920 and 1921, 97 per cent of the coal 
which was moved was transported by rail. This output represented 
one-third of the entire railroad freight tonnage; further, these rail- 
roads consumed approximately 28 per cent of the output of the 
mining industry. 

The economic effect of more general coal storage upon the tran- 
portation industry was best viewed by inquiring into the operation 
of that industry during the year 1923. Considering the period from 
the first of January to the middle of November, or the first 46 week- 
of the vear, coal production in 1923 had averaged 10,600,000 ton 
per week, the minimum production during any one week totaling 
9,629,000 tons and the maximum production 11,740,000 tons 
these maximum and minimum production figures representing « 
spread of from 11 per cent above to 9 per cent below the weekly) 
average production. In considering weekly production, the week- 
containing generally observed holidays had been eliminated. Fo: 
the three years preceding 1923, covering the same period or the firs! 
46 weeks of each year, it was found that the weekly production 1: 
1922 varied from 52 per cent above to 53 per cent below the averay: 
weekly production; in 1921 from 43 per cent above to 20 per cent 
below the average weekly production, and for 1920 under condition- 
of practically constant demand, from 22 per cent above to 16 per 
cent below the average weekly production. These figures we: 
quoted for the purpose of showing that during 1923 bituminous 
coal had been flowing from the mines much more steadily than dur- 
ing the three preceding years. This bituminous production in 1925 
represented approximately half a million tons per week more tan 
the estimated required production to sustain present Americsn 
industries. However, the transportation industry had been alle 
to handle this maximum production during that year wit) 
practically no car shortage and no congestion. This more regul:r 
production, no doubt, had been of great assistance to the railwa) 
industry in taking care of the largest volume of business thi) 
had ever been called upon to handle. 

The foregoing facts suggested that economically the railroad 
industry had sufficient capacity to meet the service demands of 
present-day industry, provided some means could be devised '0 
more nearly equalize the load factor by eliminating peak dema)!s 
for coal. 

A more general coal-storage policy would decrease the stress uj! 
the transportation industry, eliminate the so-called coal-car shiv '- 
age, increase utilization of all types of cars, equalize traffic throug '!- 
out the year, decrease labor turnover, and decrease coal-hand!ii¢ 
costs. 

In dealing with all phases of the coal-storage question, attent)on 
should be given to the fact that at the present time the transpor':- 
tion industry was called upon to handle considerable quantitic~ 0! 
bituminous coal over unnatural routes requiring long haul wher: | 
was entirely possible to supply coal of similar quality by short haul. 
This feature should be considered as it was barely possible tha‘ 1" 
order to secure various grades of coal for storing an additional 
burden might be placed on the transportation industry. 

In conclusion, it should be stated that the railroad industry !:ad 
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done its share toward solving the coal-storage problem, and that on 
October 1, the railroads had in stock piles 15,600,000 tons of coal, this 
figure representing slightly more than 10 per cent of the coal used 
by them during 1920. 

C. G. Spencer! wrote that the closing sentence of Mr. Hood’s paper 
pointing out that the tendency to heat differed in different coals, 
suggested in many cases a way out of the difficulty. A remedy 
which could often be applied, particularly in the Kast where there 
was a wide range of coals available and where existing equipment 
and local conditions made the storing of coal in layers prohibitive, 
was to purchase coal which did not heat, thus removing the cause 
of the trouble. Mr. Spencer stated that he had applied this remedy 
successfully when operating a central station on the Great Lakes. 
It had been the custom for many years to purchase slack coal high 
in sulphur and to expect fires in the storage piles as a matter of 
course. A change to New River coal stopped spontaneous com- 
bustion and incidentally resulted in better plant economy. 

Bituminous coal was not always stored in districts where the 
small sizes of anthracite competed with bituminous and where a 
large reserve storage must be carried. The choice of fuel might be 
made in favor of anthracite, one of the controlling factors being that 
it could safely be stored to any depth. The statement that it was 
doubtful whether the depth of pile had much influence on sponta- 
neous combustion would be questioned by engineers who had 
contended with fires in piles of bituminous coal with a tendency to 
heat. This did not apply with anthracite in which, so far as Mr. 
Spencer was informed, there were no records of spontaneous com- 
bustion. 

Most Illinois and some other Mid-West coals slacked very 
rapidly in the air, and a lump exposed to the atmosphere for a 
few days slacked and became fine. It was doubtful with this fuel 
if storing in layers would have any appreciable value over conical 
piling. These instances were cited to illustrate that the correct 
solution for storing under one set of conditions might not be correct 
for the next set. 

In designing equipment for unloading and storage an effort should 
be made to utilize the same equipment either wholly or in part for 
both services. Two examples where this had been done were at the 
Baltimore refinery of the American Sugar Refining Company and 

entral heating plant now under design where radically different 
systems were employed, neither of which was outlined in the 
paper. In the former coal was received by barge and unloaded by a 
grab bucket by means of a low tower which traveled the length of 
the coal dock. The bucket trolleyed through the tower on a boom 
Which extended over the storage area. A conveyor belt paralleled 
the dock and took the coal either directly from the barge to the plant 
or trom storage to the plant; the same tower, grab bucket, and belt 
being used in both cases. In the heating-plant installation coal was 
received in railroad cars and elevated to a belt above the overhead 
bunker, from which it either went to the bunker or was spouted to 
yard storage. 

\ word of caution was in order against committing a project to 
elaborate an expensive coal-handling and storage plant, in view of 
the many changes now taking place, particularly in the adoption 
of powdered coal and in the possibilities offered in low-temperature 
distillation of locating the storage pile remote from the plant and 
piping the gas to the furnaces. 

Perley F. Walker, in a written discussion, said that it was to be 
regretted that Messrs. Birch and Coes had not gone with greater 
detail into the overhead-bridge type which was employed so gener- 
ally at the storage docks on the Great Lakes and other points 
Where coal was handled and stored in large lots. From the stand- 
point of tonnage, these dock handling systems represented a large 
portion of the total amount of storage in the country. At the Lake 
Superior docks alone, in the neighborhood of Duluth, there was a 
Storage capacity of twelve million tons or more, equipped almost 
entirely with various forms of the overhead bridge. These docks 
had been deseribed in detail in a paper presented before the Society 
in 1917 by G. H. Hutchinson. 

There were two kinds of coal storage. One was merely a process 
of keeping on hand coal sufficient to meet the needs of the estab- 
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lishment for a period of days during which coal shipments might be 
interrupted. It was insurance, pure and simple. The second was 
seasonal storage, conducted on the plan of purchasing at some 
time of year when market variations gave a price that was favorable. 
It was an interesting thing to note that in this latter plan the time of 
year at which coal prices for steam purposes were habitually low was 
different in the different sections of the country. This was brought 
about largely by variations in transportation. In one section of the 
country the heavy movement of mine-prepared coal to the Great 
Lakes gave a low price for screenings in midsummer. In other 
sections, notably in the West, the low price for steam coal under 
present conditions was usually later in the season. 

These two kinds of storage gave rise to different considerations 
in the matter of cost, which in turn had an influence on the selec- 
tion of equipment. If storage was for insurance purposes only, the 
cost of storage was chargeable to insurance. Under such conditions 
the amount of coal that would be handled into and out of storage 
Was comparatively small. The apparatus would be employed for 
but small portions of the time, and the condition lent itself to the 
advantage of that form which was of low initial cost and, presuma- 
bly, entailed a relatively high cost of handling. Hence it was that 
apparatus eminently well suited to one condition might not be at all 
suited to conditions at another plant. With storage of the second 
kind it was conceivable that conditions might arise where it was 
proper to distribute the cost of storing coal over the total tonnage 
consumed, instead of over the tonnage actually into and out of 
storage. If by the placing of coal contracts at a time when the 
market was favorable a considerable portion of the year’s supply 
went into storage according to the seasonal plan, it would mean that 
the storage equipment was being employed as a means for reducing 
the annual fuel bills of the company. Under such conditions the 
cost of storage, measured on the tonnage basis, should be spread 
over the total annual consumption. 

George A. Orrok! wrote that, under normal conditions, the ques- 
tion of storage versus no storage was wholly one of dollars and 
cents. Messrs. Trvon and McKenney cited a range of from fifty 
cents to a dollar a ton as the premium the consumer had to pay in 
losses, fixed charges etc., for insurance against no coal or high 
prices. 

How much more than the average market price would the con- 
sumer pay if he purchased his coal from month to month as he 
needed it, or perhaps gambled with the market and made yearly 
contracts? The authors’ diagram for the country in general 
indicated a variation year after year of not over 50 cents until the 
unusual vear of 1916. Their district diagrams indicated a seasonal 
fluctuation as high as 80 cents per ton in one district and as low as 
25 cents, in an even year, in another district. 

It appeared that it was impossible under present conditions to 
make out a case for the storage of coal except as an insurance 
against interruption of supply or excessive rise in prices due to 
such interruptions. Storage on the customers’ premises usually 
added from 15 per cent to 20 per cent or more to the cost of the 
coal and might with certain coals result in excessive deterioration. 
The change from reasonably good coal to half-burnt coke or ashes 
and clinkers was not an economical one for the owner of the coal. 

In helping to modernize a rather important coal field in Nova Sco- 
tia which depended almost entirely on water for the shipment of 
its coal, Mr. Orrok wrote that he had had to take into consideration 
the fact that from the first of November until the first of May very 
little coal could be shipped. It was imperative that the output of 
the mines during the winter months, or at least 70 per cent of it, 
should be stored, and this was done in conical piles (in some cases) 
90 ft. high with no trouble from fires. As the bulk of the shipments 
took place in the summer, it was almost imperative that the ves- 
sels should be handled on their arrival at the port with the greatest 
possible speed, and to do this coal storage on the shipping pier was 
maintained. For any such condition as obtained in Nova Scotia 
it was imperative for the coal company to store at the pit mouth, in 
‘ars, and at the shipping pier. 

As a general proposition, Mr. Orrok believed that practically 
every coal mine needed a small storage at the pit mouth to equalize 
conditions. 
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John W. Lieb,! who opened the oral discussion, said that the 
experience of the utility companies on the Atlantic seaboard would 
seem to indicate very definitely that the storage of coal at the 
point of consumption was not an economic process. It was a 
definite liability and no money was saved by the storage of coal 
under their conditions. The storage of coal, however, was an 
absolute necessity for the safe conduct of those utilities which, as 
all knew, were of ever-increasing importance in the industrial life 
of the communities. In periods of stress the utility companies 
must get coal in sufficient quantities even if they had to pay greatly 
increased prices. And it was not merely the question of paying 
a high price in the spot market that was important, but the fact that 
in times of stress only wretchedly poor coal might be obtained. 
But the problem arose especially where the utilities had very defi- 
nite and peculiar relations to the local regulative authorities— 
where they had coal-adjustment charges which they passed on 
through a coal-adjustment clause to the consumer—that if coal was 
stored when it was available, this might be at a high price and an 
enormous stock of coal might be on hand when the market price 
had fallen several dollars a ton. 

The characteristic of the coal as shown by chemical analysis was 
hardly a gage as to its liability to spontaneous combustion. The 
heat element was of course of outstanding importance, but it had 
been found that some coals which would seem from chemical anal- 
ysis to indicate a comparative immunity from fires in the coal pile 
had shown just the contrary, and the best coals from a B.t.u. 
standpoint were not necessarily the best by any means for storage. 

W. EI. Symons? said that the locomotives of our railways burned a 
great deal of fuel. The fuel bill for the preceding year, including 
water, had been $550,000,000, or more than 11 per cent of all operat- 
ing expenses, about $26,000,000 of which was for water. The re- 
mainder was for fuel, principally coal. 

By proper methods of safeguarding the handling of this fuel, a 
saving might easily be effected of five or, possibly in extreme cases, 
ten per cent, which would mean $25,000,000 to $40,000,000, and 
like savings could be effected in the industrial field. 

Then again, with regard to the matter of pilfering or stealing 
coal, from bins, cars, and engine tenders or coal that had fallen 
off, which practice was seldom condemned and rarely ever punished, 
much saving could be effected. 

Dr. Charles R. Richards* said that many people had the im- 
pression that coal put in storage deteriorated materially. That 
did not seem to be the case because in one investigation undertaken 
at the Engineering Experiment Station at the University of Illinois 
coal that had been in storage for probably ten or twelve years 
seemed to have lost not more than one or two per cent of its heating 
value. It did actually gain in weight slightly; that is, there was 
some oxidation, so that the net loss was almost negligible. In 
boiler tests conducted with coal that had been in storage for a long 
period of time it had been found that very distinct differences in 
handling the coal were evident, that the coal could not be used under 
the same depth and draft conditions equally well with freshly mined 
coal. And yet where the fireman understood the handling of it, 
he was able to get perfectly satisfactory results. 

There was a tremendous opportunity for education of the power- 
using public along these lines, and Dr. Richards believed that the 
committee appointed by the Federated American Engineering 
Societies would prove effective in correcting some of the false 
impressions current about storage and the value of stored coal. 

Robert Kleinschmidt‘ said that the social aspect of coal storage 
as distinct from the direct economic effect was important. At the 
mines there were seasons of the year when the miners were laid off 
for half or even three-quarters of the time. The waste of unskilled 
labor in such a procedure was a very serious economic loss to the 
nation. To prevent this waste, storage at the mouth of the mine 
seemed to be necessary. 

W. B. Chapman® said that anthracite coal could be stored 
without difficulty because it did not break up and because it was 
sized. In storing bituminous coal it was broken up and to quite an 
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extent segregated when it was not desired to have it segregated 
according to size. Powdered or semi-powdered coal lent itself to 
efficient combustion and also was free from such difficulties in re- 
gard to storing. Mr. Chapman believed that it would later be 
possible to use coal that was not as finely pulverized as at present. 
It was sometimes stated that there was greater efficiency in burning 
pulverized coal because of its fineness. That was not true. The 
reason for the greater efficiency was because it was burned in sus- 
pension. Gas was burned efficiently because it was burned in sus- 
pension, and the same was true of oil. The trend, therefore, was 
going to be toward burning fuel in suspension and toward a coarser 
pulverization, in fact, no pulverization at all; a grinding of a coal to 
perhaps 10 mesh, which was very easy, at a cost of about ten cents 
a ton, instead of pulverizing it to pass a 100 of 200 mesh, which 
would cost from 50 cents to $1.50 a ton according to the quantity 
pulverized per day. 

Regarding the individual householders, who wasted the greatest 
amount of coal and handled it most inefficiently, if the time ever came 
when a semi-pulverized coal could be used, it would be taken into 
houses from the trucks in tubes, much in the manner of vacuum 
tubes or compressed-air methods of conveying fine coal, and much 
inefficiency in individual use would be done away with. Then 
again, burning coal in suspension lent itself to the use of regulators 
so that the coal could be burned automatically as required, 
with further gain. 

A. J. German! said that his company had in a small way attacked 
the problem of storing coal so as to prevent fires. They had two 
piles of coal which they started early in 1923, about 9,000 tons 
in one and about 13,000 tons in the other. At pile No. 1 they had 
to crush the coal first before they could put it in storage, and it was 
generally known that this was more dangerous than non-crushed 
coal. The coal in pile No. 2 was stored without crushing. From 
analysis of the coal it was found that the very best of results could 
be expected with regard to starting fires. Pile No. 1 was about 
20 ft. high, all in one heap. Pile No..2 was not higher than 18 ft. 
Surprisingly, no trouble had as yet been experienced with pile No. |, 
but considerable with pile No. 2. 

The explanation would seem to be that when pile No. 1 came out 
of the hopper from the coal car it was picked up with a big derrick 
and spread over a large circle. When the pile was about five fect 
high, another little pile was dumped next to it, and this was kept up 
until there was a whole circle of piles about five feet in height. 
When the whole area to the foot of the derrick was covered in that 
way a fresh start was made and more coal was piled on each little 
pyramid until the whole pile was covered to a height of about 15 1 
Then no coal came along for about a month. Pile No. 2 was longer 
and not circular like No. 1. Consequently the coal was move! 
around a little more. But in pile No. 1, immediately after the rig!\' 
height was reached, holes were driven in the piles. A long bar or 
pipe, about two inches in diameter, was used with the cone end a! 
the bottom. Two light sawhorses with planks underneath them 
were placed on top of the coal pile, upon which two men stood and 
thrust the pipe down further and further uniil there was a hole 
clear down to the bottom. To prevent the coal from falling in ani 
filling up the holes a lot of wooden boxes about six inches square 
were built so that they would project about a foot above the 
hole. In all, there were about 900 boxes in pile No. 1, and 
spots were found here and there that heated up faster than oth«r 
places. When the temperature marked by crosses on the boxes 
reached 150 deg. fahr., trouble was expected. A number of holes 
were driven at such danger points and the temperatures imme«i- 
ately came down, presumably due to the introduction of air. 

It would be very difficult for the large central stations with 
their large amounts of coal to drive holes in this manner, but 
they might be able to use a clamshell bucket, or they could 
actually drive the pipe down with a small pneumatic hammer. 

A. A. Adler? said that if a particle of coal was taken and sus- 
pended in the atmosphere it would oxidize at every temperature. 
Then if the heat carried off by the ventilating air was less than the 
heat generated by the oxidizing process, the coal could be kept 
from oxidizing at too rapid a rate. If the ventilation of the coal 

(Continued on page 233) 
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Salt-Water Corrosion 


Aluminum Alloys to 


Results of Tests of 24 Different Compositions Under Conditions Analogous to Service on Shipboard, 
Showing That Corrosion Troubles Hitherto Experienced Have Been Due 
to the Use of Unsuitable Alloys 


By D. BASCH! anp M. F. SAYRE,? SCHENECTADY, N. Y. 


the lack of reliable information as to its resistance to de- 

terioration in service. Under severe service, as when ex- 
posed to the weather along the seaboard or on ships, or in industrial 
districts, where SO, fumes from smoke are present, aluminum arti- 
cles have sometimes corroded very rapidly or even shown internal 
disintegration, warping and cracking up into small fragments. 
The natural result has been to deter its introduction, and to an 
unwarranted degree. 

In connection with the introduction of aluminum into general 
use by the General Electric Company, and in particular for use on 
board ship, this question became of large enough importance to 
justify an investigation on a relatively large scale. This investiga- 
tion took up first the general properties of the alloys, and then the 
effect of corrosion under salt-spray conditions analogous to service 
on shipboard. 

The results of the salt-spray tests were conclusive, and rather sur- 
prising, showing a very wide range in rate of corrosion as between 
the different alloys, some alloys deteriorating more than thirty 
times as fast as others, a difference amply great enough to show that 
the real trouble in the past lay in the use of an unsuitable alloy 
rather than in the inherent properties of the aluminum itself. 

This work should be of interest both because of the results them- 
selves, which are given in the accompanying tables, and because 
of the methods used to obtain definite quantitative values in the 
corrosion tests. 

rhe complete investigation included also studies of foundry 
properties and of foundry difficulties of various alloys, and of their 
machining qualities. R 


A HANDICAP to the increased use of aluminum has been 


THE SALT-SprRAY TESTING APPARATUS USED 


For the corrosion tests the salt-spray testing apparatus of the 
generally adopted form (developed by the Bureau of Standards) 
was used. Air at slight pressure, furnished by a small blower, 
Was passed through a water bottle to cleanse and moisten it, and 
then to one or two glass atomizers in the salt-spray box. This 
box, Fig. 1, was made of slate, keyed together with pins, and with 
joints filled with a pitch compound. A wire-glass cover was used. 
The box measured 28 x 28 x 20 in. inside, and was supported so that 
the rear edge was 6 in. higher than the front edge. The samples 
hung from glass rods supported on a tarred white-pine frame, the 
frame being doweled together to avoid use of metal, and were far 
enough from the bottom so that no direct spray from the atomizers 
reached them. The atomizers stood in the salt solution, which 
filled the lower half of the box two to three inches deep. 

Certain changes were made from the Bureau of Standards meth- 
ods.° First, a 3 to 4 per cent solution of sea salt in distilled water 
was used instead of a stronger solution of common salt. The 
sea salt, made by evaporating sea water, contains all the ingredients 
in ordinary sea water, and so, while giving reactions in the box 
much more complex than with ordinary salt, represents much more 
perfectly the actual conditions on shipboard or near the sea. 

The 3 to 4 per cent solution was originally chosen because it is 
the average concentration of ordinary sea water. It has two dis- 
tinct advantages over stronger solutions approaching full concen- 


; Research Engineer, Switchboard Dept., General Electric Co. 

- Asst. Prof. of Applied Mechanics, Union College. Mem. A.S.M.E. 

* See Bureau of Standards Circular No. 80 describing methods of salt- 
spray testing. 

Cc ontributed by the Aeronautic Division and presented at the Annual 
Meeting of Tue American Society or MecHantcaL ENGINEERS, New 
York, Dec. 3 to 6, 1923. All papers are subject to revision. 


tration: (1) it is apparently more active chemically than when 
stronger; and (2) when the weaker solution is used, the salt does 
not crystallize out on the sample being tested, so that there is much 
less difficulty in keeping the sample clean. 

Further, in order more closely to simulate actual conditions, 
the samples were removed from the salt-spray box daily and dried 
for one hour at 40 deg. cent. The conditions on shipboard are 
best represented by severe salt mists alternating with dry periods 
when the apparatus will dry off, and not by constant moisture. 
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Fie. 1 Sautt-Spray Box witn Cover ReMovep SHOWING METHOD OF 
SUSPENDING Test PIECES IN THE SPRAY 


This drying partially or completely dehydrates the products of 
corrosion and so alters the conditions of corrosion. The samples 
were not washed off during the entire run, in fact every precaution 
was taken to avoid knocking off any of the “fuzz’’ which collected 
on the samples. At biweekly intervals the samples were weighed, 
and the gain in weight determined. This gain in weight during 
the first two to four weeks, until the fuzz grows too thick, has 
proved to be a very satisfactory criterion of the rate of corrosion 
of aluminum samples.' 

The daily drying hardens the deposit on the samples, the mild 
mist in the salt-spray box is not severe enough to wash it off, and 
with the dilute salt solution used little salt is deposited on the 
samples, so that the gain in weight is very closely proportioned to 
the amount of oxygen absorbed, and so to the amount of metal 
oxidized. 

By use of heating coils placed beneath it, the temperature in the 
salt-spray box was maintained at 30 to 35 deg. cent. Higher 

1 As an alternative to measuring the gain in weight, there is that of measur- 
ing the !oss in weight of the metal itself; but this involves completely remov- 
ing all the oxidized deposit, and this deposit is frequently so adherent, or 
so held in pits in the metal, that it is hardly possible to remove it without 


taking some of the metal also. On this account, the method of measuring 
gain in weight seems to offer distinct advantages where it can be used. 
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Fic. 2. APPEARANCE OF THE Four ALLoys IN INITIAL Serres Least 
Corropep AFTER E1gHT WEEKS IN A 4 PER CENT SEA-SALT SPRAY AT 
40 Dea. Cent. AMBIENT TEMPERATURE 
temperatures did not prove feasible because the water in the box 
evaporated rapidly and soon became concentrated enough to de- 

posit salt on the atomizer nozzles. 

These modifications seemed to make the salt-spray test better 
adapted to the particular investigations which the authors had 
in mind, and possibly to other investigations as well. 

In coéperation with the leading aluminum manufacturers, sixteen 
alloys were chosen for the initial series of tests. Eleven more were 
later tested from time to time, so that the list to date includes 
twenty-four different compositions, three of these being tested with 
and without heat treatments. Much help was received from the 
Aluminum Company of America, the Aluminum Manufacturers, 
Inc., The Baush Machine Tool Co., The British Aluminum Co., 
and the French Aluminum Co., both in the selection of the alloys 
to be tested and in the preparation of the specimens. The nominal 
chemical composition of the various alloys is given in Table 1. 


TABLE 1 NOMINAL CHEMICAL COMPOSITION OF ALUMINUM 
ALLOYS! 

Alloy 

No. Type Cu Mn Zn Mg Fe Si Ni Remarks 
Initial Series 

A Rolled Commercially pure 

sheet 99 + % Al 

B_ Rolled ei 1.5 : 

C_ Rolled 4.0 0.5 0.5 Annealed 

D_ Rolled 3.0 0.5 0.5 Heat-treated 

FE Rolled 3.0 0.5 0.5 Annealed 

F Sand-cast — ; Commercially pure 

Ys ‘ 99 + &% Al 

G_  Sand-cast 6.6 1.0 2.3 , 7" in 1.25 

H Sand-cast oe <<. , — i 

I Sand-cast i) 8.0 + 1.3 

J Sand-cast — ‘ 2.8 8.8% Sn 

K Sand-cast 1.6 

lL} Permanent 12.0... ies 

M35 Mold 10.0 . a 0.3 

N  Sand-cast 2.0 1.0 x de $< e - 

O  Sand-cast 6.5 0.5 a . 1.5 

P Sand-cast 65 0.5 “ 1.5 Heat-treated 
Second Series 

Q Forged , 7.0 1.25 2.0. xa Heat-treated 

R Sand-cast 4.0 ; ; 0.25 

Ss Sand-cast 4.0 : . 0.25 Heat-treated 

T Die-cast OB cas 0.5 Heat-treated 

U  Sand-cast ? 5 2% Sn 

VV Sand-cast e. i ‘ 5 

W Sand-cast a sf , Ss 

X Sand-cast . oe 8.0 ay 

Y  Sand-cast 3 a e% 1.5 a, : 2.0 Heat-treated 

Z Sand-cast * ae 5.0 
AA Sand-cast of ; 20.0 ‘ 


! Where not otherwise stated Fe and Si will ordinarily be present in amounts 
not greater than 0.5 per cent each, due to use of commerciai aluminum ingot. 


Facrors INVOLVED In EvaLuaTING Corrosion RESISTANCE 
The data desired included the hardness and the tensile properties 
of the alloy, as ordinarily determined, and the resistance to salt- 
spray corrosion, the latter to be determined as nearly as possible 
quantitatively. The factors involved in evaluating resistance to 
corrosion may include: 
1 The depth to which pitting extends, as determining the 
time required to perforate, and so ruin, an article; 

2 The amount of material affected by corrosion in a given 
time, as determining the amount of deposit likely to form 
inside an apparatus, hindering its working; 

3 The loss in strength, as caused by the actual loss of material 
or as caused by the roughening of the surface due to pitting; 

4 The loss in strength, as caused by any internal disintegra- 





Fig. 3) APPEARANCE OF THE Four ALLOYS Most Corropep AFTER E1GH1 
Weeks IN A 4 PeR CENT SkA-SALtt Spray at 40 Dea. Cent. AMBIENT 
TEMPERATURE 


tion of the material, evidenced in the season cracking of 
brass, or the warping and cracking of certain zine alloys; and 

5 The appearance. An article spotted or mottled by corro- 
sion but not otherwise injured, may be as effectively ruined 
for commercial purposes as though the injury had gon 
deeper. These different factors will vary in relativ: 
importance with the particular application involved 
and the endeavor was to cover all five. 

Factors (3) and (4), indicated the use of tension test bars a- 
salt-spray samples and also the use of duplicate test bars, kept i: 
dry air, as control samples, to permit determining the loss of 
strength. This shape was accordingly selected. 


Tue Tests 


The rolled and forged alloy samples were obtained in sheet o1 
bar form from the manufacturers. Alloys A to E, inclusive, wer 
milled down to standard tension-test form for flat specimens 
1/. in. in width for A, B, and C, and */; in. for D and E over a gags 
length of 2 in.; Q was a round bar turned to a diameter of °/s in 
over the gage length. All of the other specimens were of th. 
standard cast tensile-test-bar form turned to a diameter of 0.505 in 
over 2 in. gage length, with threaded ends */, in. in diameter. AI! 
the cast bars were poured two in a mold with a central feeding hole. 
the metal flowing past risers which served as skimmers to both end- 
of each test bar. The bars were symmetrically placed about tli 
feeding hole to insure as nearly as possible similar conditions for 
the two bars. One bar from each mold was used for the salt-spra) 
test and the second one held as a control. 

The bars were fed from both ends in order that the two stream: 
might meet in the test section, so bringing out in the test an 
undesirable features which might develop at the junction. Al! 
of the bars of cast alloys currently in use by the General Electri: 
Company were poured as part of regular production work by its 
aluminum foundry. Others, in use elsewhere, were poured |) 
other foundries by request of the General Electric Company, al» 
using regular foundry practice. A few alloys, added to complet: 
the range of compositions, were specially mixed by the Researe!i 
Laboratory of the company. 

These test’ bars (two pairs each of alloys D, E, and W to AA, 
and four pairs of each of the others) were machined to size as alreac\ 
described. The round test bars were long enough to give '/, in 
to 1 in. length inside the threaded ends before coming to the section 
reduced in size. On this a flat face */s to '/2 in. wide by */, | 
long was filed to give a measuring point for determining dept! 
of corrosion and for determining Brinell and scleroscope hardne 

The bars for the salt-spray test were numbered, washed in benz«!, 
and carefully weighed before placing in the salt-spray box. After 
14 and 28 days they were again weighed. The mean gain in weig))'. 
in grams per square inch, is given in columns 2 and 3 of Table 
The various bars of the same alloy showed surprisingly close agree- 
ment. At the end of eight weeks the bars of the sixteen alloys in 
the first series were all finally removed from the salt spray, arrange 
according to rate of corrosion as judged from their appearance, 
and photographed. This initial series served as a standard scaiec, 


and alloys later tested were given places in this same scale. (See 
column 6, Table 3, 1 here being the best and 16 the poorest.) 
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TABLE 2. RESULTS OF TENSILE TESTS 
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Bases Usep 1n RATING CorROSION 


Modulus Reduction Elongation 
Propor- of of Area in 2 Inches rm.: : . . 
tional elasticity, rhis gives four bases for rating corrosion: Appearance, 
limit Ultimate Strength, air, Salt Salt a ~ ae . es P . _ ee . 
Al . Hardness air, Lb. per Sq. In Per lb. per Air, spray, Air, spray, gain in we ight, cle pth of corrosion, and per cent lo: ol 
loy Sclero- Ib. per Salt cent sq. in. per per per per strength. The relative ratings for the sixteen alloys in 
No. Brinell scope sa. in Air spray loss x 10° cent cent cent cent e640 ° » , ° ‘ 
Initial Series the initial series on these four bases are given in columns 
1) (2) (3) (4) (5) (6 (7) (8) (9) (10) a1) a2) 6 to 9 of Table 3. The close agreement between these 
~ 7. oe. wr te ooo oe Ss 2: 2. Be Ss various ratings, each worked out independently, is worth 
36 3f x Ss 7 55. ¢ 49.2 26.2 26. —_ es vl 
C 52.6 16.0 5130 28760 27420 4.7 12.7 30.1 22.3 18.4 16.2 noticing. With several alloys, check runs have since been 
D 103.8 30.7 16700 54600 53050 2.8 10.6 29.2 24.9 21.6 20.0 em PERL Ath ee ee ee < ie 
k 589 183 14425 29840 28770 36 11:3 380 23.4 16.2 13.8 made to determine the reliability of the corrosion results. 
F 26.8 5.6 1300 13520 13320 15 10.2 25.0 25.8 24.0 22.8 Ineach case the agreement between the two runs has been 
G 76.6 10:7 Gero Sous “ites 6:2 9-9 (Ce Ms CTS CT at 
H 74.0 19.4 8730 24410 20150 17.5 9.6 1.6 1.0 ce LZ nN latively close. ae 
I 57.3 13.4 5530-23040 204200 11.4 9.1 40 45 36 3.1 The “per cent loss of area to bottom of pits’? was ob- 
| 35.9 7.9 3240 17890 15210 15.0 7.7 8.1 6.9 7.0 6.4 Bnei ae oe Se . ae er eo ae ; 
K 13.7 10.1 3250 20310 19790 26 S84 13.6 1108 12.6 104 tained by imagining that over the 2-in. gage length th 
. se 2s =— — ae ge 82 OS OG 7. 3 metal was ineffective to a depth equal to the maximum 
5.5 28. 4 7 3325 245 26 9.! < - ) ) » « . 
N 505 12.0 4330 21240 20240 #47 94 #34 580 #36 48 depth of pits and computing the resultant per cent loss 
P il 9 31 eee 33300 ori8e 4 ee +: ae ‘ = - =. of area. This is given in column 10 of Table 3, and for 
, ¢ < 5 33 2716 8 .é 5 ‘ ° ° ° ° 
re comparison the per cent loss of ultimate strength is given 
Secon erties . . te hl 
Qo 101.3: 22500 50280 56820 102 67 49 52 5.0 In the following column. The close agreement between 
R 2s a praees a 14 - °-. ; 7 3 : : 2 1.8 these two columns, coupled with the fact that Brinell and 
> o . > of oo . . : . . ‘ 0.4 4 ) 0.0 . . . 
r 90.3 21330 48175 442890 109 99 13.2 10.5 10.0 7.5 scleroscope readings were virtually the same for both air 
35.4 97 3150 15400 14300 7.1 99 56 49 5.4 3.5 and salt spray, indicated that the loss in strength was a 
\ 10.0 10.5 3500 18045 17800 1.3 10.3 5.0 5.2 1.6 0.2 . GR ss ° ie 
W 59.7 17.6 7500 24825 25800 96 56 5.5 52 6.0 surface action, and was not caused by internal disintegra- 
xX 48.8 18.2 3500 23360 22330 9.0 8.7 7.8 7.6 7.6 . ° . 
Y 90.3 29.8 15000 rete paca : : 10.4 0 ‘ 0 - 0 : 0 n tion of the material. 
: . «-* . aie woke ‘ 4 ‘ — . . . . ve al 
zZ 8.0 15.2 5250 20400 18770 80 12.0 59 3.1 45 4.3 On some of the specimens it was extremely difficult to 
78 29.9 22000 29001 2 5 r) 2 < . : us Be 
_ . — ’ — 7 6 0.4 know just when the filing had reached to the bottom of 
Brinell hardness of salt-spray samples was 122.9 the pits. This may account for the discrepancies in al- 
loys R, 8, X, and AA. A second factor present with 
TABLE 3° RELATIVE RATING OF ieee BASED ON RESISTANCE TO alloys susceptible to heat treatment was the seasoning 
a: Per effect of the warm salt-spray box and the drying oven. 
' ' cent Per Alloy Q apparently had not been completely seasoned be- 
Gain in Weight, Depth of Corrosion, Relative Rating Based on loss in cent ‘ : + . ° ae a 
Grams per Sq. In Inches Depth Per areato loss of fore testing, and this seasoning action resulted in an actual 
Al Gain of cent bottom  ulti- cmamoeee® + mn ‘“ r har _ » hars i > 
“ 0-14 M28 tn ten: ix dea a aa increase in strength and of hardness of the bar: in the 
days days Uniform of pits ance weight sion strength pits strength salt-spray box. It will be noticed that the reduction of 
ace sa : ~ m : ) = a area and the percentage of elongation is usually less with 
tal Serte onae * ° 2 
\ 0.0080 0.0022 0.001 0.001 2 2 3 2 2 11 the salt-spray samples. This will naturally result from 
0.0076 0.0025 0.001 not pitted 3 1 2 1 Es. 1.0 the roughening of the surface due to pitting. This may 
( 0.0160 0.0246 0.0026 0.0055 7 7 S 7 6.4 4.7 ° : . 
D 0.0118 0.0149 0.0018 0.002 5 ‘ ' 5 ox @n be slightly accentuated by the seasoning effect already 
I 0.0183 0.0158 0. 00385 0.004 6 6 - | 6 .-3 3.6 mentioned. 
I 0. OOS6 0.001 not pitted 1 4 l 3 OLS 1.5 r . . 
( 0.0648 0.0764 0.004 0.020 14 16 14 14 153 202 The test figures obtained by the authors prove the 
t 0.0388 0.0515 0.004 0.016 0 3 - 2 ee oS fallacy of the idea sometimes advanced that the corrosion 
38 515 0. Of 0.016 10 12 12 10 12.5 11.4 ahaa » : a" 
| 0.0317 0.0265 0.004 0.013 S 9 11 11 10.3. 15.0 resistance of aluminum alloys is in some way related to 
. —— a oe | or . . . ‘ $.3 2.6 the tensile strength, that is, that the bigh-tensile-strength 
I 0. 0669 0.0342 0 O10 0.042 1S 14 16 16 32.1 35.3 . : ° : 
M 0.0620 0.0342 0.0057 0.038 16 13 15 15 27.2 26.1 alloys show higher resistance to corrosion than those of 
N 0.0212 0.0235 0.001 0.007 9 Ss 6 8 §.5 4.7 r ta sla Aang 
oO 0.0294 0.0424 0.0023 0.014 11 10 9 9 11.8 10.3 low te nsut stre ngth. : 
P 0.0343 0.0556 0.0023 0.016 12 11 10 13 24 18.3 It will be noticed from the tables that the manganese 
nd Series and the silicon alloys with relatively low tensile strength 
* . pnend Z ones > aaa 0 a 2 5 B 5 8 6.8 ; have the highest resistance to corrosion of the cast-alloy 
03 646 6 0.0087 2 +.5 8.5 11 6.4 14.2 ? . . : 
S 0.0489 0.0509 0.0020 0.0056 12 13.5 8 9 47 8 3 class, whereas in the fabricated class the manganese 
. on So ie. eaeee oe 3.5 86S ¥.5 8.9 10.9 sheets are about comparable to those of the duralumin 
{ 0.0405 0.0148 0 0.012 6.5 9 8 2.6. 9.8 7.2 r y Ps ‘ - 
\ 0.0240 0.0087 0.0012 0.0012 $.3 5.5 4 2.5 a 1.3 class. 
; poms - ieee sient " ies . “ : ~e A few words of caution should go with these tables. 
2 258 22 0.0002 0.0013 7 7 3.5 6.5 1.0 4.4 1 . : . a 
y 0.0383 0.0495 0.0004 0.0107 95 105 7.5 8.5 8.3 9.0 rhe physical properties given are based on a limited num- 
Z 0.0334 0.0250 0, 0006 0.0094 9.3 9 7.5 8.5 ® | 8.0 \ . wePAC ¢ ‘ » > r : q< 
A 00968 0.0116 0.0007 0.0124 73 : ae ber of test pieces and are therefore not truly representa 


The flat gage sections already mentioned were then carefully 
cleaned from all white deposit and measured with micrometers. 
This measurement agreed very closely with similar measurements 
made before placing in the salt spray. This surface was then very 
carefully filed down to remove all darkened metal, so approximating 
the depth of uniform corrosion, and measured, and then again 
filed down to below the bottom of the pits. The mean results 
are given in columns 4 and 5 of Table 3. Brinell readings, using 
500 kg. load, and scleroscope readings with magnifier hammer 
were next taken on these same areas and on the corresponding 
Spots on the control samples. Salt-spray and control samples 
gave virtually the same results except in a few cases mentioned 
later on, and so only the average figures are given. 

Complete tension tests were then made on these samples, using 
a wing extensometer to determine proportional limit and modulus 
of elasticity. The mean results are given in Table 2. Where 
only two pairs of bars of an alloy were available, both were tested, 
but with the other alloys one bar of the four in the salt-spray box 
Was kept untouched as a permanent evidence of appearance. 


tive of the range of properties met in actual production; 
they should not be considered the minima of production and can 
therefore not be used for general design. 


Discussion 


J. B. Johnson! submitted a written discussion subsequent to the 
meeting in which he stated that the corrosion of aluminum alloys 
had been investigated by the Engineering Division of the Air Ser- 
vice on account of the failure of these alloys in structural parts when 
exposed to the salt atmosphere at fields located near sea water, 
and the failure of aluminum parts in the fuel system which came 
in contact with condensed moisture. Water invariably collected in 
fuel tanks, carburetors, and pumps while standing in the hangars, 
and this water was a prolific source of corrosion. A typical analysis 
of a deposit removed from carburetor bow! showed a large percent- 
age of aluminum oxide: namely, water, 78; alumina, 15.5; organic 
matter, 5.5; and iron, sulphides, chlorides, etc., 1 per cent. 


1 Chief Material Section, Air Service, McCook Field, Dayton, O. 
A.S.M.E. 


Mem. 











) 
; 


202 MECHANICAL ENGINEERING 


An investigation which has been made on several of the casting 
alloys used by the Air Service indicated the relative rate of corro- 
sion in different media. The method of determining the amount of 
corrosion by the gain in weight was found to be satisfactory. All 
of the alloys tested were cast in the Engineering Division foundry 
in the form of circular disks, 4'/, in. in diameter and '/, in. thick, 
which were machined on one surface and thoroughly cleaned with 
benzol and alcohol. The opposite surface was given three coats of 
spar varnish. The specimens were dried at 100 deg. cent., for 
48 hours, cooled, and then weighed prior to exposure. The disks 
were subjected to atmospheric exposure, distilled-water exposure, 
and exposure to a spray containing 10 per cent of sodium chloride. 

The atmospheric exposure was made on an outdoor rack. The 
samples were brought indoors after each month’s exposure, dried 
for 48 hours, and weighed. Care was exercised that the disks were 
only taken inside for weighing after two days of fair weather. 

The salt-spray test was made in a box similar to that described 
in the attached paper and which conformed to the Bureau of Stand- 
ards’ specification. A 10 per cent solution of sodium chloride in 
distilled water was used as the corrosive medium. The disks were 
placed in the spray for eight hours; then the spray was stopped 
and the specimens were allowed to remain in the box over night. 
This same operation was repeated for six days, when the disks were 
removed, dried, and weighed. 

The distilled-water exposure was made by covering the disks 
with 18 ce. of distilled water—which formed a continuous film— 
and exposing them to the atmosphere of a room at practically con- 
stant humidity. The disks were exposed in duplicate batches. 
One batch was dried in an electric oven at 105 deg. cent. after 
evaporation of the water film, and then a new film was applied. 
This was repeated six times. The other batch was not dried nor 
weighed between applications of the film, but consisted of apply- 
ing six quantities of distilled water, each being applied immediately 
after the evaporation of the previous film. 

The results of these tests were shown in Table 4. These results 
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of spar varnish in the proportions of aluminum powder, 26 per 
cent, and spar varnish, 74 per cent, gave the best protection against 
atmospheric corrosion; and that any of the ordinary pigments, 
when used with oil as a vehicle, would not corrode the base metal. 

It was their opinion that the problem of coating duralumin was 
the same as that for sheet steel, as they had found that satisfactory 
coatings could be obtained by using two coats of enamel or by using 
a primer and one coat of enamel. The pigments which had -been 
used included carbonate, iron oxide, chrome orange, yellow ocher, 
lamp black, magnesium silicate, zinc oxide, ultramarine blue, alumi- 
num powder, and calcium carbonate. 

They believed that the superiority of the aluminum powder was 
largely inherent in the pigment itself and was not due to its being 
used in conjunction with the aluminum surface, as they had found 
that a pigmented dope, using aluminum powder, when applied to 
doped fabric surfaces, would outlast most of the ordinary mineral 
pigments. The color obtained in using aluminum powder was 
not always desirable, and they had recommended as a protective 
coating a primer consisting of 53 to 57 per cent pigment and 43 to 
47 per cent liquid; the pigment to be natural iron oxide containing 
not less than 35 per cent of ferric oxide; the liquid to consist of 70 
per cent spar varnish and 30 per cent drier (turpentine, volatile 
mineral spirits, or a mixture thereof). The primer coat to be fol- 
lowed by an air-drying enamel made up on spar varnish as a vehicle. 

S. Tour! wrote that, having a particular application in view, 
namely the use of aluminum alloys on board ship, the authors 
had chosen the salt-spray test. In choosing the method of testing 
to be used in any study of corrosion-resisting properties, one was 
always confronted with questions as to the type of corrosion test- 
ing that should be adopted, the reagents or corroding medium 
that should be used, the necessary concentration of the solution, th« 
temperature at which the test should be run, and last but not least 
as to the meaning of the figures that would be obtained in the test. 
In connection with the work which the authors had reported th« 
following questions presented themselves: 


TABLE 4 RELATIVE RATING OF CAST ALUMINUM ALLOYS IN THEIR RESISTANCE TO CORROSION 





—-— —Gain in Weight in Milligrams———--—---- 


-—Chemical Analysis— Atmospheric Exposure 


Cu Fe Si l mo, 2 mo, 4 mo. 5'/e mo. Total Rating 
0.30 0.57 6.17 2.5 0 0.5 0 3.0 1 
1.47 0.58 0.37! 

1.95 1.63 0.34? 34 15 7.8 None 56.5 4 
3.15 0.31 0.18% 25 14 12 2 53 2 
3.40 0.50 3.65 27 ll 18 None 56 3 
4.25 0.65 0. 364 

8.75 1.07 0.46 39 60 80 6 185 6 
9.35 0.61 0.35 32 39 40 None lll 5 


1 Also 0.84 Mn. * Also 10 Zn. #4 Also 0.75 Mg. ‘Also 1.24 Mg. and 1.49 Ni. 


bore out in a general way the results as obtained by Messrs. Basch 
and Sayre. It was interesting to note that there was little differ- 
ence in the rating of the alloys, irrespective of the corroding medium. 
As the result of the observations made in this test, Mr. Johnson 
considered that the use of a film of distilled water gave the most 
uniform results and was closely analagous to the corrosion obtained 
in service. 

The column at the right of the table indicated the analyses which 
most nearly corresponded to those tested at the General Electric 
Company and the rating obtained by the investigators. 

The silicon alloy was the most resistant, but was not entirely 
satisfactory, as it was a difficult alloy to machine. The low-copper- 
manganese alloy had good resistance to corrosion, but had a low 
proportional limit and its use was limited to low-stressed castings. 
The copper-magnesium-silicon alloy and the copper-magnesium- 
nickel alloy were satisfactory for high-stressed castings, and if 
heat treated would be found more resistant to corrosion than the 
“as cast’’ alloys tested in this investigation. The alloys contain- 
ing zine and the 8 and 10 per cent copper alloys corroded considera- 
bly. An increase in the iron content of the copper alloys increased 
their susceptibility to corrosion. 

Discussing Mr. Gardner’s paper on the corrosion, cleansing, and 
protection of aluminum alloys, presented at the same session, Mr. 
Johnson wrote that the results of various investigations made by 
the Engineering Division of the Air Service on coatings for dura- 
lumin sheet corroborated to a large extent the observations recorded 
in that paper. They had found that aluminum powder in a vehicle 








-—Distilled Water Exposure—. General Electric 


Salt-Spray Alternate Tests 
Exposure Rating Wet and Dry Rating Wet Rating Rating 
50 1 19 2 6 1 Vv 5.5 
oh 15 1 21.5 4 N s 
500 5 64 5 39 Ss I 12 
150 2 35 4 11 2 R 14.5 
300 3 76 6 27.5 5 
ue 20 3 12 3 7 10.5 
800 6 134 S 32 7 H 15 
460 r 115 7 28 6 L 14 


1 Had some other type of testing, such as a total-immersion 
test, been adopted, would the results have placed the alloys in the 
same relative order as to corrosion resistance? 

2 Had an atmosphere of SO, been used in the salt-spray box s 
as to have simulated to some degree the conditions in industria! 
districts, would the results have placed the alloys in the same re!- 
ative order as to corrosion resistance? 

3 Would an increase in temperature at which the test was 
conducted act simply to increase the rate of corrosion, and was this 
increase the same in all the alloys under test or would a variation in 
temperature tend to change the relative order of corrosion resistance 
of the alloys? 

4 What was the relative corrosion resistance of the alloys 
tested as compared to the materials now being used on ship board, 
such as admiralty metal or naval brass? 

The asking of these questions was not meant in any way as 3 
criticism of the very valuable work of the authors. It was unfor- 
tunate that thus far there had not been devised a method of corro- 
sion testing of materials which would give something in more 
definite and adaptable units and which could be used to predict tlie 
approximate life or service which a material would give. Possibly 
the test reported by the authors was such a test. If so, then the 
next step upon the part of interested parties to use this same test 
on numerous other materials in order to compile a table showing 
the relative standing of these materials. One of the main diffi- 
culties which arose in any attempt to codrdinate the work of in- 

1 Doehler Die Casting Co., Brooklyn, N. Y. 
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dependent laboratories on corrosion testing was the fact that the 
same method of testing was not employed in any two cases. Very 
often the same type of test was used, but each investigator had one 
or more little improvements or modifications of his own which 
changed the test. In the case of the salt-spray test of the authors, 
they, for apparently good reasons, had decided to run the test at 30 
deg. cent., and to daily dry the specimens for one hour at 40 deg. 
cent. But were the results comparable to those obtained in a salt- 
spray test run at 25 deg. in which the specimens were not removed 
and dried daily? 

The authors had not given very much information in regard to 
the representative nature of the specimens used. If additional 
specimens were made up of approximately the same compositions, 
would they give approximately the same results on a duplicate 
test? In other words, had enough samples of different runs been 
tested to show definitely that the variations in corrosion resistance 
were due to compositions and not to some other property of the 
metal such as porosity, grain size, impurities, etc.? 

The results of tensile tests shown by the authors in Table 2 
would in some cases indicate that possibly the specimens were not 
truly representative of regular commercial product of alloys of the 
compositions shown in Table 1. For instance, they obtained a die- 
cast test bar of 4 per cent copper and '/. per cent magnesium with 
a tensile strength after heat treatment of 48,175 lb. per sq. in. 
while their “Y”’ alloy containing 4 per cent copper, 1.5 per cent 
magnesium, and 2 per cent nickel after heat treatment only had a 
tensile strength of 27,670 lb. per sq. in. Before the results obtained 
by the authors were therefore accepted as even a basis of evaluating 
the alloys of the general compositions tested, it should be known 
whether the same results were obtained on material produced from 
month to month and on materials produced at several different 
plants, 

T.S. Fuller' wrote that the particular features of the test described 
in the paper which differed from those of the test set forth by the 
ureau of Standards such as the use of a 3 to 4 per cent solution of 
sea instead of a much stronger one of table salt, the removal of the 
samples from the spray box once each day, and the pouring of test 
bars in duplicate, using one for the spray test and one as a control, 
were details which were quite essential in the work described, 
and which in the future might well be considered as possibilities for 
incorporation in a standard spray test. 

The fact which stood out preéminently in the data collected by 
Messrs. Basch and Sayre was the superiority, with respect to their 
resistance to corrosion in the salt spray, of the alloys of aluminum 
und zine over those of aluminum and copper. For example, samples 
() and X, and AA, composed of aluminum and zine, in Table 3, 
judged by each of the several criteria used by the authors, were 
all markedly superior to samples H, L, M, and other compositions 
of aluminum and copper. 

\ comparison of samples Q and I in the same table was significant. 
() containing 7 per cent zine, 1.25 per cent magnesium, and 2 per 
cent iron showed to a very considerable advantage over sample I 
which contained 8 per cent zinc, 3 per cent copper, and 1.3 per cent 
iron. The amount by which I was inferior to Q must necessarily 
indicate the deleterious effect of 3 per cent of copper upon the cor- 
rosion resistance of an aluminum alloy containing 7 to 8 per cent of 
Zln¢, 

Jesse L. Jones* wrote that it was evident from the tests given, 
although the authors did not draw these conclusions, that none of 
the alloys of aluminum were very well suited to withstand salt-water 
corrosion; therefore the interest in methods of protecting these 
alloys from such corrosion should be very much stimulated. Con- 
siderable work was being done in various quarters on this subject, 
With more or less success. It was a well-known fact that aluminum 
and its alloys could be tinned by scratch brushing while submerging 
the articles under the molten metal. A protective coating of 
Wood's metal might be obtained in a similar manner. The Schoop 
process had been employed with move or less success recently to 
protect aluminum articles from salt-water corrosion by coating 
them with a spray of metallic cadmium, either by direct appli- 
cation with the Schoop gun or by use of that apparatus in connec- 


‘ Research Laboratory, General Electric Co., Schenectady, N. Y. 
r * Metallurgist, Westinghouse Electric and Manufacturing Co., East Pitts- 
urgh, Pa, 
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tion with a revolving drum. This latter process was especially 
adapted to the coating of considerable quantities of very small 
articles. 

Robert J. Anderson,' in a written discussion, stated that alumi- 
num alloys were often considered to be unsuitable for certain 
applications in engineering construction because they corroded. 
The facts in the case were that aluminum and its light alloys gener- 
ally were actually more resistant to some types of corrosion, e.g., or- 
dinary atmospheric corrosion, than were most steels, and, moreover, 
certain aluminum alloys were much more resistant to specific 
corroding media than were other aluminum alloys. The selection 
of definite aluminum alloys for corrosion resistance .in specific 
applications could best be determined by actual tests, such as 
those carried out by the authors, and tests of this kind were very 
urgently needed by the aluminum industry. 

It was of rather more than passing interest to draw attention to 
the corrosion resistance of manganese-containing aluminum alloys. 
As a rule, such alloys were more resistant to corrosion influences 
than correspondingly alloys without manganese, and the 98.5:1.5 
aluminum-manganese alloy was more resistant to some corrosive 
media than was substantially pure aluminum. There seemed to 
be good possibilities for the development of special aluminum 
alloys which would be more resistant to corrosive media than the 
usual alloys, and the most promising elements to employ as addi- 
tive metals in small amounts appeared to be chromium and manga- 
nese. The effect of chromium in rendering iron non-corrosive was 
well known, and it would be interesting to examine the effect of 
chromium on the corrosion resistance of aluminum and the ordinary 
aluminum alloys. 

It might not be out of place, wrote Mr. Anderson, to direct the 
attention of the authors to the possibilities of the accelerated 
electrolytic-corrosion test as developed recently in the U. 8. Bureau 
of Mines by G. M. Enos, J. R. Adams and himself.? This test 
could be applied to any metal or alloy, using any electrolyte as to 
corroding media, and yielded results, in a few hours, which were 
comparable to long-time immersion or service-corrosion data. It 
would be interesting and useful to check the results of the acceler- 
ated electrolytic corrosion test with the spray test. 

Archibald Black* who opened the oral discussion, said that it 
was interesting to note in the authors’ paper that tests had been 
made by immersing the samples in a solution of sea salt and distilled 
water instead of using the original sea water. That recalled re- 
sults of some of the early navy tests on sheet aluminum and sheet 
duralumin, and showed the importance of the method of testing. 
In those tests the results were very misleading. The samples were 
rather radical in their performance; some were badly etched, and 
some were not hurt at all, and the only explanation was that such 
foreign matter as oil floating on the surface of the water greatly 
interfered with the accuracy of the tests. 

F. B. Coyle‘ stated that the New York Navy Yard had been 
designated to investigate two aluminum-silicon alloys; one 8 per 
cent silicon and the other 13 per cent, and a good many castings 
made of that alloy had already been used and installed on the 
Wyoming. There was one large bedplate for a brine overboard 
pump that weighed 750 lb. that was made out of 13 per cent alloy, 
as well as some 8-in. gate valves. These valves weighed just 
one-third what manganese-bronze valves did, and were a marvelous 
achievement for naval use. In a twenty-day test with 20 per cent 
salt spray, the maximum pitting was 0.001 in., and there were but 
two or three small indications of pitting. 

E. M. Hewlett® pointed out that the development of alumi- 
num alloys was the result of a desire for lighter parts in instruments 
and also for the general reducing of the weight on board ship. 
The early applications of aluminum, however, were sometimes very 
disappointing. Therefore Mr. Basch had started this series of 
tests to find out what the differences were, why aluminum was good 
in one case and why it was not in another, and had found a certain 


1 Metallurgical Engineer, U. S. Bureau of Mines, Pittsburgh, Pa. 

2 Anderson, R. J., Enos, G. M., and Adams, J. R., Accelerated corrosion 
testing of metals and alloys in acid mine waters, Bull. 6, Coal-Mining 
Investigations Series, Carnegie Inst. of Technology, Pittsburgh, Pa. 

3 Consulting Engineer, Garden City, N. Y. Mem. A.S.M.E. 

4 Navy Department, Washington, D. C. 

5’ General Electric Co., Schenectady, N. Y. Mem. A.S.M.E. 
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number of alloys that were very good indeed. There was one alloy 
that was very good, but on casting it would shrink at any change in 
dimension and crack at that point. The silicon alloy acted very 
much better in the foundry and gave equally as good protection 
against corrosion, and now the General Electric Co. had added 
aluminum to their list of alloys and put a very large amount of it in 
production. Aluminum was not a cure-all. Discretion must be 
used in selecting parts. The material was a little softer, a longer 
thread was needed and there were some cases in which it was not 
advisable to use aluminum; but there were a great many cases 
where it was, and besides there was the benefit obtained in the 
reduction of weight. This work had only been going on for about 
three or four years, and it would seem as though there would 
ultimately be available a very satisfactory list of aluminum alloys. 

Ralph L. Goetzenberger! said that the development of suitable 
aluminum alloys was particularly important in connection with the 
design of optical instruments for army use. The Ordnance Depart- 
ment of the Army had been called upon to redesign binoculars for 
use in the service. They had had occasion to examine binoculars 
of almost every manufacture, both foreign and in this country, but 
did not feel that any of them were suitable, as far as lightness and 
resistance to corrosion were concerned. It was essential that the 
binoculars issued to soldiers should be light, and of course alumi- 
num met this requirement to the best advantage. 

In the matter of optical instruments the application of aluminum 
was particularly important from the point of view of corrosion or 
the powdering of the tubes. Corrosion material would collect on 
the surfaces of the lenses, and after a limited time, dependent upon 
the care in the manufacture of the product, would obstruct the 
vision through the instrument. Manufacturers both in this 
country and in foreign countries had attempted to cover the sur- 
faces with some sort of resistant paint, but the introduction of a 
suitable corrosion-resisting aluminum alloy would be a great benefit 
to the service. 

Lt. Alfred J. Lyon? said that the Engineering Division of the 
Air Service at McCook Field was also carrying on some development 
work in the light alloys, which included both aluminum alloys and 
magnesium-base alloys. Of the aluminum alloys, the silicon 
alloys had been attracting considerable attention in the last few 
years, and their greatest advantage, from the Air Service standpoint, 
was the ease with which they could be handled in the foundry, for 
as used as a cast alloy, small amounts of silicon in the more or less 
conventional copper alloys would greatly improve the casting 
properties. It had a disadvantage, however, in that it increased 
the machining difficulties, any alloy containing an appreciable 
amount of silica being very much more difficult to machine than the 
straight copper alloys. 

On a recent investigation a comparison had been made of the 
physical properties of four more or less commercial alloys, one of the 
S.A.E. No. 12 type, one of duralumin type containing 4 per cent 
copper and 0.5 per cent magnesium, another which was a special 
alloy developed by McCook Field and consisted of 4 per cent 
copper and 3 per cent silicon, and alpax metal. These were cast 
in a crankcase weighing approximately 90 lb. and proportionate 
specimens were cut from different portions of this crankcase. 

The most interesting results of this investigation were that the 
alpax metal, which was essentially a 13 per cent silicon-aluminum 
alloy, and the copper-silicon alloy had very low proportional limits 
compared to the duralumin-type alloy, which was heat treated, 
and the more or less standard 8 per cent copper-aluminum alloy. 
From that and from other information on these alloys it was con- 
cluded that the silicon had a tendency to lower the proportional 
limit and to increase the elongation. 

There was no question, however, from the McCook Field tests, 
but that any alloy containing silicon was infinitely better from a 
corrosion standpoint. The Air Service had made recent tests and 
had carried on an investigation on the use of sodium silicate treat- 
ments for aluminum alloys, and were convinced that practically 
any alloy of aluminum could be effectively protected from corro- 
sion, both from salt-water atmosphere and more or less ordinary 
conditions. They found that this particular method of treating 
aluminum alloys provided resistance to abrasion, also to breaking 


1 Ordnance Department U. 8. Army, Philadelphia, Pa. 
2 Air Service U. 8S. A., Dayton, Ohio. 
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and bending. They had actually taken sheets around 0.030 in. 
thick, treated them in this way, and crinkled them up; put them 
in the salt-water spray, and they had stood up 100 hours without 
showing the least sign of attack at the point where it would natur- 
ally be expected that the surface had been broken. 

In regard to the manganese alloy, it was the experience of the Air 
Service that that alloy also had, especially in the cast condition, a 
very low proportional limit, and they were rather opposed to using 
materials with a low proportional limit due to the ease with which 
they deformed under load, so that they could not take advantage oi 
the relatively high ultimate strength that was a characteristic 0! 
the manganese-aluminum alloys and also alpax metal. 

L. Ochtman! called attention to the fact that the paper by 
Messrs. Basch and Sayre gave the resistance to corrosion of pure 
rolled aluminum sheet as being very much higher than that of th: 
usual aluminum alloys, while Mr. Gardner’s paper, Recent Observa 
tions Regarding the Corrosion, Cleansing and Protection of Alumi- 
num, stated that pure aluminum would corrode much more rapidly 
than some of the aluminum alloys. This conflict of opinion, he 
believed, should be cleared up. 

Ernest V. Pannell? said that the paper discussed was the first 
really serious attempt to present quantitative results of corro- 
sion tests. There had been many tests made in the past which had 
depended on the loss-of-weight method, which, as the authors 
properly pointed out, was a very doubtful criterion on account of 
the impossibility of removing the net weight of the compound 
formed without abrading the sample. 

However, the use of the increase-in-weight method brought also 
with it a little uncertainty, and in the paper it was mentioned that 
drying the samples for one hour at 40 deg. cent. would partially 
or completely dehydrate the compound formed by corrosion. A 
good deal of importance attached to the completeness of the de- 
hydration, because of the difference in the molecular weight of the 
molecule of aluminum oxide and the molecule of aluminum hydrate. 
If the dehydration was only partially completed, and if the tests 
were to be truly comparative, the oxide should be entirely reduced 
to its anhydrous form or alternatively be measured as a hydrate. 

The real significance of the results lay in column 8, Table 3, that 
was, the depth of corrosion, because with corrosive influences of con- 
siderable activity the metal was usually found to pit and perforate 
locally before a very significant weight increase would be noted over 
the whole sample. That would be found especially true of samples 
of sheet or those in which there was a relatively large area and sma! 
volume. There might be a hole through the sample before a very 
appreciable average rate of corrosion was observed. 

The authors had pointed out quite logically that alloys of higher 
tensile strength were not necessarily more or less liable to corrosion, 
that corrosion depended upon other features; but there was a demon- 
strated fact, and that was that the amount of corrosion would be 
in some way dependent on the amount of cold work which the 
material had received. The best example of this had been pre- 
sented by the German experimenters Hein and Bauer about 
nine years ago, in their tests on cold-rolled aluminum sheet. |t 
had been found that annealing distinctly increased the corrosion 
resistance. Whether that fact could be used practically was not 
known, but it was worth investigation. As the authors had further 
pointed out, the corrosion resistance was very much influenced by 
the proportion of copper in the alloy, and it seemed as if in thie 
alloying of aluminum there had been too close an adherence to 
preconceived ideas. One of these ideas was that copper was the 
logical hardener, and, developing from that point, magnesium, 
manganese, silicon, and other alloys had been added but always 
keeping copper present. If investigations were started on a line 
of alloys which should be reasonably resistant to corrosion, Mr. 
Pannell believed the authors would agree with him that copper 
ought to be absent and some other element substituted. 

Mr. Basch, in closing the discussion, said that, in answer to Licu- 
tenant Lyon’s remarks, the addition of copper to silicon alloys had 
always looked very enticing to the authors, but they had had to give 
it up because even small percentages of copper added to the alu- 
minum alloys would decrease the corrosion resistance to a very 
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marked extent. It was true that silicon alloys of 5 per cent had 
relatively low proportional limits, the true proportional limit of the 
5 per cent silicon alloy being around 3000 lb. The proportional 
limit of Dr. Pacz’s alloy, the alpax alloy, was around 6000 lb. The 
silicon alloys, with from 2 to 3 per cent copper added, would bring 
the proportional limit only slightly above that figure, but they had 
felt that the other features which they had been compelled to 
sacrifice—primarily the resistance to salt-water corrosion—were of 
greater importance. 

As to the machinability of silicon alloys, that of course would 
depend very largely on how the alloy was made. The greatest 
machining trouble experienced with silicon alloys was the so- 
called hard spots, which dulled the tools and caused tearing of the 
surface. These hard spots were generally traceable to oxide-coated 
silicon particles, caused either by faulty manufacture of the silicon 
or by faulty introduction of the silicon. Silicon oxidized at a 
relatively low temperature, below the melting point of the aluminum 
and if, in mixing the melt, silicon was thrown on the surface and 
allowed to stay there for any length of time or if it was preheated 
before adding, it would coat itself with a hard oxide which was not 
reduced during the subsequent melting operation and which en- 
tered the metal. If the silicon in mixing the melt was not added 
until the aluminum was thoroughly molten and was then pushed 
immediately below the surface so that it covered itself with a film 
of aluminum, these hard spots would not appear. In making the 
silicon, care should be taken to discard the tops of the ingots which 
were exposed to the open air and therefore tended to oxidize. 
Undissolved silicon in aluminum might also cause hard spots (iron 
silicides and silicon carbide), but this trouble might be obviated 
by the use of a pure grade of silicon containing a minimum amount 
of iron and earbon. 

As to the protection of aluminum alloys by sodium silicate or 
any other method, this would be all right if one could always deal 
with a piece of apparatus that needed no machining, but since 
most of the pieces that his company had to turn out were machined 
to a very large extent, naturally this form of protection would 
not lend itself to their construction. 

In answer to Mr. Tour’s first question he would say that it was 
generally understood that the total-immersion test was not as 
positive as an alternate-exposure test, and that too much reliance 
should not be placed on the results from the former; if it gave different 
results, the test would be to blame rather than the material. 

In regard to the second question, he would say that tests in SO, 
would not have been placed in the same relative order because 
metals were not equally resistant to different corroding agents, 
and an alloy that was very resistant to salt water might not be re- 
sistant to SO. fumes any more than it would be resistant to an 
alkaline or other corroding agent; at least, not in the same order. 

\s to Mr. Tour’s third question, the authors had not found any 
great variation in the rating of the alloys within the commercial 
range of temperature, that was, ranging from room temperature, 23 
deg. cent., up to about 40 or 50 deg. cent. 

In answer to the fourth question, he would say that if one con- 
sidered the surface condition of the metal, that was, the esthetic 
part, as the criterion, then naval brass probably would show up 
better then aluminum. If, on the other hand, the decrease in 
tensile strength and the change in the physical characteristics 
Were taken as the criteria, then the best aluminum alloys were apt 
to show up even better than some of the high-class bronzes. 

Regarding Mr. Tour’s comments on the fact that it was unfor- 
tunate there had been no method of corrosion testing of materials 
devised which would give something in more definite and adaptable 
units and which could be used to predict the approximate life or 
service which a material would give—something showing the ratio 
between the life of the apparatus and the test itself—that, of course, 
was a fact known to every experimenter. No one had yet been 
able to find out how long an apparatus ought to be tested in order 
to simulate actual life conditions. On steels and irons a test of 

16S hours, one week, was generally held to correspond to a life test, 
but no data were available on that point, and that was the reason 
the tests described had extended over eight weeks. 

Mr. Tour’s comments on the authors’ “Y” alloy were easily met 
by the statement that the “Y” alloy was not die-cast, only sand- 
cast, and there was quite a difference between sand-cast “Y”’ alloy, 
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heat treated, and die-cast; that was, in chilled molds and heat 
treated. The authors did not have any chilled castings of the 
“Y” alloy and therefore could not get the full physical properties 
that the ‘“Y”’ alloy in chilled castings generally showed. 

Regarding Mr. Anderson’s statements on the addition of chrome 
and manganese, manganese in rolled alloy was a very fine thing. 
In a casting alloy, however, it was very hard to handle. A 2 per 
cent manganese alloy, the remainder aluminum, had excellent 
corrosion resistance, machined nicely, and had a good appearance, 
but the percentage of rejections in the foundry was abnormally 
high; it was very hard to make castings of varying cross-sections, 
for they would crack and warp. 

As to the effect of chromium, this was being studied as the present 
time and Dr. Pacz was experimenting with small additions of 
chromium, in the neighborhood of about one-eighth of 1 per cent. 

In order to forestall any misunderstanding, Mr. Basch stated that 
the authors wished to emphasize the point that in their opinion 
certain aluminum alloys in resistance to salt-water corrosion came 
in the class of the better brasses and bronzes rather than in the 
class of iron and steel and were suitable for use in apparatus ex- 
posed to salt-water atmosphere without requiring any protective 
coating. 

To check up the effect of different alloying elements tests were 
being carried on, and it was expected that at a not very distant 
date a chance would offer itself to make the results public. 


Manufacturing to Close Limits 
(Continued from page 188) 


The measuring means should be as direct as possible. 

Even where direct and accurate means of measurement are avail- 
able, close work is expensive and should be called for only where 
the expense is justified by the requirements. 

Telerances should be set only after a careful study of their 
necessity and their cost. If right, they should be adhered to; 
if not, they should be changed. 

Cumulative tolerances should be avoided. In placing a toler- 
ance figure on a drawing the draftsman should consider how it 
can be checked, the observational error of the measuring instru- 
ment, and the influences of tolerances on other related dimensions. 
Dimensions should read from fixed and accessible points. 

Greater clearances usually permit greater tolerances. If both 
can be increased with safety, economy is bound to result, and in 
many cases the product may be actually improved thereby. 

Coming as the author does from a shop whose business and repu- 
tation have been built on precision manufacturing, this doctrine 
may sound strange. Dirt has been defined as any matter out of 
place. How shall we describe precision out of place? 


The Machine-Tool Export Problem 
(Continued from page 185) 


This is a matter of really serious importance to the individual 
machine-tool manufacturer. Statistics covering the year 1921 
indicate that the average American machine-tool builder exported 
more than 20 per cent of his product, so that export business for 
the industry represents to a large extent the difference between 
prosperity and depression. There is reason to believe that at the 
present time the average American manufacturer of general-service 
tools and machine-shop accessories should export well in excess 
of this ratio, and those manufacturers who are falling behind this 
standard will find it very much to their advantage to arrange for 
a careful revision of their export methods. - Fortunately, it is 
comparatively simple to do this as experience shows that products 
of this character are sold in these foreign countries through ma- 
chinery dealers residing in their important cities. The sales prob- 
lem narrows down to that of establishing contact with some ma- 
chinery dealer in each city who will be prepared to handle distri- 
bution of the product, and while it is perfectly true that in many 
instances difficulty will be encountered in establishing such contacts, 
it is probably more than equally true that methods can be found 
that will yield results far better than have been secured heretofore. 
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Recent Observations Regarding the Corrosion, 
Cleansing, and Protection of Aluminum 


By H. A. GARDNER,' WASHINGTON, D. C. 


of sheets or castings are finding wide application in naval 

and aeronautical construction. The tendency of these 
metals to show rapid surface corrosion when not protected with 
coatings has been observed in many instances. Aluminum gas tanks 
have shown interior corrosion when water has found its way into the 
fuel, by condensation or otherwise, and the gelatinous precipitates 
of aluminum hydrate formed have been carried up through the 
pipes. Similar effects have been observed in carburetor bowls, 
and corrosion of fuel and water pumps has been noted. Rapid 
whitening and roughening of the surface have also been observed 
on uncoated duralumin sheets subjected to salt spray on small 
surface craft. Corrosion has also been observed when aluminum 
parts have been in contact with spruce or other wood. This was 
attributed to the presence of tannic acid or similar substances in the 
wood. It would appear, however, that the wood simply acts as 
a sponge, absorbing small quantities of salt water and holding it in 
contact with the metal. 

Corrosion of the under side of handhole covers on pontoons 
has been observed, and the effect was attributed to the corrosive 
action of the moist air in the pontoons.. It was apparent, however, 
that the under side of the handhole covers had not been varnished, 
whereas the outside, which was varnished, was in excellent con- 
dition. 

Marked corrosion has recently been observed on the outer por- 
tion of seaplane gas tanks at areas in contact with the rawhide or 
leather straps underlying the wire supporting strips. It was sug- 
gested that tanning chemicals in the rawhide were responsible. 
While traces of chemicals might possibly have had some influence, 
it is believed that the main factor was the absorption of salt water 
by the leather, which kept it in contact with the metal. In such 
instances a band of waterproof oiled canvas, such as canvas belt- 
ing, should be substituted for the leather. 

The preservation of carburetor bowls is a problem that is now 
being worked on, and coatings that are insoluble in gasoline and 
alcohol are being developed. The development at McCook Field, 
Dayton, of a process of treating aluminum with sodium silicate and 
then baking, is noteworthy. Possibly an aluminum silicate is 
formed. At any rate the treatment apparently causes the metal 
to be very resistant to corrosion. 


. LUMINUM and its alloys, such as duralumin, in the form 


EXPERIMENTAL INVESTIGATIONS 


While it will be noted from the experiments presented later that 
the use of two coats of spar varnish materially reduces corrosion, 
even under severe conditions of exposure, this process preferably 
should be recommended only where a clear coating is desired so that 
inspection of the metal may be made. Under most conditions a 
pigmented spar varnish should be used. Aluminum powder is 
especially adapted for the purpose. Aluminum wing enamel 
containing 15 per cent of aluminum powder (Navy Aeronautical 
Specification) may be used. 

Another similar coating that has given good service for general 
work is: 


BE SS EE 8 ounces 
ON WON, 2, ee eee sc eceeeees 1 pint 
ST UES, Si ceca koe e chews cep o% 2 gills 


This paint, containing about 25 per cent of aluminum powder, is 
of good hiding power and dries rapidly to a firm film. It works 
more freely than that made on the present specifications. The 
use of two coats is suggested, in order to get the best results. The 
film formed is much more waterproof and resistant to wear than 
clear spar varnish. 


1H. A. Gardner Laboratory. 

Contributed by the Aeronautic Division and presented at the Annual 
Meeting of Tue American Society OF MECHANICAL ENGINEERS, New York, 
Dec. 3 to 6, 1923. All papers are subject to revision. -See discussion by 
J. B. Johnson on p. 202. 





In the past there has been some discussion as to the best method 
of painting large aluminum and duralumin sheets exposed to salt 
water. While it is true that basic pigments such as white lead, 
red lead, and zine oxide may, in the presence of moisture, cause 
slight etching of the surface of the metal, no substantial action oc- 
curs when the pigments are in oil. Paints made of such pigments 
have proved very satisfactory in test. They are, however, of 
much greater weight than one made with aluminum powder, and 
for this reason the latter is suggested for aircraft. 

In some preliminary tests recently made by the author, sheets 
of aluminum and of duralumin were suspended in glass vessels 
half filled with test solutions. The test specimens were held 
upright in the slotted cardboard covers of the vessels. About 
one-half of the metal was submerged in the solution, one-fourth 
was exposed to the damp air above the solution, and one-fourth 
was subjected to atmospheric exposure. These were placed out 
of doors for a period of four weeks and then examined. Com- 
paratively little corrosion was observed on the metal exposed to 
the air or to the space over the solutions. Considerable corrosion 
however, was observed on the submerged portions of the panels 
and especially just below the surface of the liquids where the air 
could come in direct contact with the metal. This effect would 
indicate that accelerated results could be obtained by alternately 
exposing metal test strips to the solution and to air. A procedure 
of this sort is usually employed in the well known salt-spray test 
for determining the corrosion of metals. The results of this series 
of tests are given in Table 1, which is accompanied by a photographic 
reproduction of the test pieces. (See Fig. 1.) It would appea: 
from these tests that the presence of wood does not stimulate the 
corrosion of aluminum, its action being merely that of moisture re- 
tention as heretofore noted. Even tests with a relatively strong 
solution of tannic acid failed to show marked corrosion, the tannic 
acid acting rather as an inhibitor. 

It is well known that pure aluminum will corrode much more 
rapidly than some of the alloys of aluminum. Alloys containing 
copper, silicon, and manganese may corrode relatively slowly, 
especially those containing up to 2 per cent of manganese. High- 
silicon alloys of aluminum are the most resistant of all. It would 
appear, however, that regardless of the type of aluminum or alu- 
minum alloy used, a protective coating is advisable in order to 
secure the greatest resistance to exposure around salt water. 


CLEANSERS FOR ALUMINUM ALLOYS 

Aluminum fittings, castings, and motor parts sometimes become 
covered with oil, grease, and dried paint. For cleansing these, 
various compounds have been used. Dipping in tanks containing 
benzol or Navy dope solvent gives effective results in many cases, 
but there is danger in handling volatile, inflammable liquids in 
large amounts around shops. Dry compounds, made largely 
of a combination of caustic soda, borax, and soda ash, have been 
used. These are usually dissolved in hot water to a 5 per cent so- 
lution. Their effect is rapid, but they may etch the aluminum, 
since the latter is readily attacked by alkalis. The addition of 
2 per cent or 3 per cent of a neutral soap paste to the same liqui: 
has been proposed, and this apparently aids in the cleaning operatio!: 
and materially decreases the corrosive effect of the alkalis. The 
metal is placed in a boiling solution for from 5 to 30 minutes, av- 
cording to the size and aniount of dirt and grease present on t!:c 
metal. After removal, the metal is flushed with hot water and 
dried. Some tests made on greasy aluminum and duralumin, 
and also upon the same metals having adherent coatings of dric( 
paint, were made. The results are shown in Fig. 2. 

On large, dirty, greasy parts the above process is efficient. 
The author has no data, however, as to the effect of the boiling 
alkaline solutions upon the physical properties of the met:l. 
Whether occlusion of hydrogen gas, if evolved, would cause britt!c- 
ness, should be studied. 
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It has recently been found that the addition of a small amount 
of sodium silicate will inhibit the corrosive tendency of. alkaline 
solutions upon aluminum and aluminum alloys.'' In the experi- 
ments referred to, 0.05 per cent of sodium silicate was added to 
aqueous solutions of caustic soda ranging from 0.05 per cent to 
26 per cent in strength. Strips of aluminum and aluminum al- 
loys were exposed in these solutions with and without the sodium 
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ALUMINUM ALUMINUM 


TABLE 1 


TESTS ON 
SEE 


RESULTS OF CORROSION 
ALLOYS. 


AND 


silicate addition. The sodium silicate had a most marked effect 
in inhibiting the corrosion and solubility of the metal. When the 
caustic soda solution was not greater in concentration than 0.05 
per cent or not less in concentration than 3'/»2 per cent, the solu- 
tions containing sodium silicate had substantially no effect upon 
the metal. Similar results were obtained when the same solutions 
were boiled with the metal. In the solutions in which the water 
glass was not used the metals were very rapidly destroyed, in 
some instances being entirely eaten away in a short period of time. 
The action of the soda solution as a cleansing agent would not, 
however, be affected by the sodium silicate. 

The author would suggest a 5 per cent solution of caustic soda or 
soda ash, with the addition of not less than 0.05 per cent of sodium 
Silicate, as a general cleansing agent for aluminum parts. The 
addition of a small amount of soap paste might aid. 

‘ Ueber die Verminderung des Angriffs von Alkalilésungen aud Alumi- 
num durch Zusatz von Wasserglas, by Réhrig. Communication from the 
Metallurgisch-metallographischen Laboratorium of the Erftwerk-Aktien- 
gesellschaft, published in Chemiker Zeitung, 47, pp. 528-529 (June 21, 1923), 


referring to the work of Richard Seligman and Percy Williams (Met. Ind. 
London, 1922; Chem. Zentr., 1923, II, 25). 


ENGINEERING 


207 


TABLE 1 RESULTS OF CORROSION TESTS ON ALUMINUM AND ALU- 


MINUM ALLOYS 


l ALUMINUM (SALT-WATER EXPOSURE). 
covering of gelatinous aluminum hydrate on surface. 

2 ALUMINUM WITH TWO COATS OF SPAR VARNISH (SALT-WATER 
EXPOSURE). Practically no cor1osion except at spots near edge of panel 
where coating had become abraded. 

3 DURALUMIN (SALT-WATER EXPOSURE). 
panel not greatly affected. Upper part, just bclow surface of water, very 
badly etched. Deep corrosicn spots at localized areas were red in colot, 
due, perhaps, to segregation of copper or manganese present. Some gelatinous 
aluminum hydrate surrounded these spots. 

4 DURALUMIN WITH TWO COATS OF SPAR VARNISH (SALT-WATER 
EXPOSURE). Good condition with exception of two spots just under 
surface of water. These spots were similar in appearance to those noted in 
Test 2 


Badiy etched. Thick 


Lower part of submerged 


5 ALUMINUM (SALT-WATER AND SPRUCE-WOOD-SHAVINGS EX- 
POSURE). Considerable aluminum hydrate on exposed surface. Panels 


stained yellow over exposed surface but corrosion not bad. 

6 ALUMINUM WITH TWO COATS SPAR VARNISH (SALT-WATER 
AND SPRUCE-WOOD-SHAVINGS EXPOSURE). Good _ condition. 
Very slight etching of surface on one side. 

7 DURALUMIN (SALT-WATER AND 
EXPOSURE). Considerable aluminum 
points just below surface of water. 


SPRUCE-WOOD-SHAVINGS 
hydrate on metal, especially at 
Red spot at one localized area. 

s DURALUMIN WITH TWO COATS OF SPAR VARNISH (SALT-WATER 


AND SPRUCE-WOOD-SHAVINGS EXPOSURE). No corrosion except 
at two localized spots which were of red color. 

9 ALUMINUM [ABSOLUTE ALCOHOL (30)—GASOLINE (70) MIX- 
TURE No corrosion 

10 DURALUMIN [ABSOLUTE ALCOHOL (30)—GASOLINE (70) MIX- 


TURE]. No corrosion 

11 ALUMINUM (5 PER CENT AQUEOUS-TANNIC-ACID EXPOSURE). 
Surface stained reddish yellow but not etched to any marked extent 

12 DURALUMIN (5 PER CENT AQUEOUS-TANNIC-ACID EXPOSURE). 
Brown stain on metal. Very slight etching just below surface of water at 
localized spots 





EFFECT OF 


Fic. 2 Various CLEANSING AGENTS ON ALUMINUM 


GREASE AND Paint COATINGS 

D—Effect of Navy dope solvent in efficiently removing old paint 

duralumin. 
—Effect of caustic compound powder and soap paste in removing old paint 

from duralumin. A cleaner surface obtained inthismanner. Slight etching noted. 

S—Effect of scap paste when placed in contact with polished duralumin for 
2 hours. No corrosion or etching noted. 

P—Effect of caustic compound powder when wetted and placed in 
with polished duralumin for two hours. Considerable etching noted. 


WITH 


from 


contact 


Aluminum production of the United States for 1923 exceeded 
the 1922 output, which was valued at $13,522,000, owing to the 
increased demand by makers of motor cars and utensils, and 500,000 
long tons of bauxite were produced, which is equal to the largest 


annual production before the war. 











Organization and Construction of Woolen Mills 


Ideal Woolen-Mill Location Allows for Expansion, Has Good Railroad Facilities, Ample 
Soft-Water Supply and Near-By Mill Help 


By A. W. BENOIT,! BOSTON, MASS. 


HE intention of this paper is to deal with the organization 
and construction of small woolen mills; and with a view to 
determining the average size of such plants, a fairly complete 

‘canvass was made of the woolen mills of the United States, taking 
into consideration only those mills which were complete units, 
making their woolen yarn, and weaving and finishing the cloth. 
Where worsted, cotton, or silk yarns are used in the construction of 
woolen cloth, they are usually purchased from other mills. 
Three hundred and eighty-two mills were listed, covering the en- 
tire country. The compiled figures give the following data: 


Average number of sets of cards... 9.4 per mill 


Average number of broad looms... . 69 per mill 
Location of mills: 

New England States.............. 61 per cent 

Middle Atlantic States............ 12 per cent 

Southern States...... 10 per cent 


North Central States............. 9 per cent 
Pacific Coast States................. 8 per cent 
100 per cent 


Massachusetts contains 36 per cent of the woolen mills of the 
New England States, and 22 per cent of those in the United States. 
Ninety per cent of the woolen mills in the United States do their 
own dyeing and finishing, and practically all produce their own 
power, either by water or steam, or by a combination of both. 
Seventy per cent of the woolen mills have one or more water wheel 
from which power is obtained for at least part of the year. 

The range in size of mills tabulated, based on the number of looms, 
is from 2 to 280 looms. These divide into groups as follows: 


From 2to 25looms....... 
From 25 to 50 looms... 
From 50to 75 looms... 
From 75 to 100 looms... 
From 100 to 280 looms..... 


The above figures do not include mills making both worsted and 
woolen yarns, nor any doing only weaving and finishing, but they are 
complete enough to give a very good indication of the status of the 
woolen industry. 

From the data given above, the average woolen mill contains 9.4 
sets of cards and 69 looms. A mill of this size encounters and must 
solve practically all the problems of any woolen mill. For the sake 
of simplicity, we will discuss a mill with 10 sets of cards and 70 
looms, and, to make it typical, will assume that it does its own dye- 
ing and finishing, and that power is furnished by both steam and 
water. 

To the average person the terms “woolen” and “worsted” bear no 
very definite meaning, and the distinction is very hazy. But to 
the textile engineer they are as different as cotton and worsted, and 
present to his mind two radically different sets of problems to be 
solved. They both use wool, it is true, but the grade of stock used, 
the machinery required, and the treatment for the two processes are 
very different. 

The exact machinery to be used and the details of its construc- 
tion will not be discussed here because such matters are usually 
settled by the owners, and the engineer is only concerned with the 
arrangement of the machinery, the buildings to house it, and the 
power to drive it. 


25 per cent 
20 per cent 
21 per cent 
11 per cent 
23 per cent 


Tue SITE 


If the plant is a new venture, the engineer is frequently called 





1 Textile Engineer, Chas. T. Main, Boston, Mem. A.S.M.E. 

Contributed by the Textile Division and presented at the Annual Meet- 
ing, New York, December 3 to 6, 1923, of THe AmeErIcAN Society or 
MecuaNnicaL Enainegers. All papers are subject to revision. 


upon to pass upon the suitability of a site. An ideal site has suffi- 
cient land for the proposed plant with room for expansion, good 
railroad facilities for coal and raw stock, an ample supply of soft 
water for manufacturing and power purposes, and is near a good 
supply of mill help. The quantity of land, as a rule, presents no 
difficulty, and is a matter of dollars. Good railroad facilities are 
desirable, but not essential. Many woolen mills of the size under 
discussion are not on a railroad, but are able to truck all their cos! 
and raw goods and still meet competition. As most of the finished 
goods are shipped in comparatively small lots, they must be trucked 
to the freight house in any case. The question of water is usually 


the governing feature, and there must be at least enough soft water 


available for boilers and manufacturing purposes. If it can be se- 
cured from a river with possibilities of damming so as to get a 


25-ft. head, the operating conditions will be most favorable. If 


taken from a pond, it usually must be pumped. If no river or pond 
is available, the water may be secured from driven wells and pumped 

















Fie. 1 Exterior oF WooLEN MILL 


into tank storage. Quite frequently the water from a river or pond 
is so polluted as to require filtering, and the water from driven wells 
requires a softening treatment. These conditions must be consid- 
ered when selecting the mill site. A good supply of trained help 
is necessary, but it need not necessarily be trained in the woolen 


industry. A small nucleus of trained woolen-mill help with good 
superintendence will soon assimilate the remainder of the help 
required. Most of the operations require only machine atten- 
dance without any expert knowledge, and only ordinary intelligence 
is required. 
Tue Type or BurILpinGs 
Having selected the site, and with the size of the initial plant 


determined at, say, 10 sets of cards, the next question is the type 
of buildings. The engineer must keep in mind that the woolen 
industry is seasonal, and is affected by the wide variety of fancy 
woolen fabrics which in turn become popular from year to year 
and which the mill must be prepared to make. There is in conse- 
quence much rearrangement of machinery, with occasional acddi- 
tions of special machines. The buildings, therefore, must be 
flexible and the construction should allow for easy rearrange 
ment of machines, shafting, piping, electric wiring, etc. The 
buildings of the greater part of the woolen mills of today are of 
the slow-burning mill-construction type, which seems to be the 
most satisfactory. Concrete buildings have been used some in 
recent years, but the spacing of columns which best fits woolen 
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Fig. 2. THe Carp Room 


machinery and the very light floor loads do not lend themselves 
to economical concrete design. The greater cost and the increased 
difficulty in arranging and rearranging machinery in concrete 
buildings of either the flat-slab or beam-and-girder type make 
them less desirable than those of slow-burning mill construction. 
The storehouse, however, can be of either slow-burning mill con- 
struction or reinforced concrete as circumstances may dictate. 

A ten-set woolen mill is made up of the following departments, 
assuming that any reworked wool used is made elsewhere except 
the picking of the plant’s own hard waste: 


Carding 
Spinning 
Warp preparation 
Weaving 


Raw storage 
Wool scouring 
Wool drying 
Dye house 


Stock Burling and mending 
Piece Wet finishing 
Yarn Dry finishing 


Picking and blending Finished goods storage 


The machinery for each department is usually determined by 
the owner, and it is the problem of the engineer to organize it in 
its proper sequence for the most economical production and ar- 
range each department properly. 
There must be ample working 
spaces around machines; those 
requiring good light must be 
located near windows; there must 
be the minimum amount of cross- 
ing of stock in process, and all 
precautions taken to reduce the 
number of hands and to make 
supervision easy. 


ARRANGEMENT OF THE 
DEPARTMENTS 


Preparatory to the machinery 
studies, which must precede the 
design of the buildings, an analysis 
is made of the departments. In 
the first place, such operations as 
Wool scouring, dyeing, and wet 
finishing should be located on the 
ground fioor, because of the 
amount of water used and the 
trenches required under the ma- 
chines. The departments which 
are most closely related are also 
grouped, as follows: 
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Fig. 3 Mute Spinntne Room 
Group | Raw stock 


Group 2 Wool scouring 
Dye house 


Group + Warp preparation 
Weaving 
Burling and mending 


Picking Group 5 Wet finishing 
Group 3 Carding Dry finishing 
Spinning Finished goods storage 


The raw stock is best located in a building by itself, built with 
low stories suitable for standing one bale or bag on end, large enough 
to hold about six months’ supply, and within easy haul of the wool- 
scouring department. 

In a ten-set mill the amount of scouring is not large because much 
of the stock purchased is scoured. Such materials as noils and 
shoddy require no scouring. One machine with its drier is usually 
sufficient, and it is located in the dye house. In this way stock 
which is scoured and is to be dyed at once is not dried, which 
saves time and expense. The combined dye house and scouring 
plant should be in a one-story building, having trenches under the 
machines and proper ventilation to keep the room clear of fog and 
steam. The construction best adapted to this purpose is a build- 
ing with brick walls, wood roof, and a monitor. The dye house 
must be so located that the dyed stock, when dry, can be easily 
delivered to the picking department in bags or blown into storage 
bins. It must also be borne in 
mind that there will be some yarn 
dyed for the warp-preparing de- 
partment and some piece goods 
for the wet finishing, and this 
work must be done without long 
hauls. All water piping in the 
dye house should be in the 
trenches with only covered steam 
piping overhead. Every precau- 
tion must be taken to prevent 
rust and scale from pipes, shafting, 
etc., dropping into the stock as it 
stands waiting on the truck. 

The picking should have in 
connection with it a large storage 
space for colored wools, It is not 
uncommon to have over a hun- 
dred different grades and colors 
of stock on hand which must be 
kept separate and accessible, and 
to do this economically requires 
plenty of space. A ten-set mill 
would require, say, two mixing 
pickers, one burr picker, and a 
rag picker for hard waste. The 








f 
t 


Thapaees 


2 oto 


Fy naa si ERB oe 


«mages t> 


c 


wnat a Spa eae erent suri ee PE 


vee 



































210 MECHANICAL 


pickers should have at least 400 sq. ft. of floor space back of the 
feed to lay down lots. The two mixing pickers are usually arranged 
in tandem with stock bins between so that each lot can be mixed 
two or three times as required. There are many possible mixing 
arrangements, depending on conditions and the requirements of 
the plant. The picker house need not be a fireproof room, and is 
often located in the main building. The best and most economical 
method of handling stock from the picker room to the card room is 
by means of a blowing system, arranged to deliver stock to bins 
located back of the cards. 

In designing the main mill, the carding, spinning, and weaving 
must be taken into consideration. The building must be wide 
enough to install across the room a 3-cylinder, 60 by 48 or 60 by 
60 set of cards with a stock bin back of the feed. This means a 
building from 85 to 90 ft. wide, which is also wide enough to permit 
running the mules across the room. With mules across the room 
the spacing of columns should be about 12 ft., which again is suit- 
able for the cards. The looms vary in width from 84 in. to over 100 
in., depending upon the fabric to be woven. If they are to be 
placed in the main mill, as is usually the case, they should be set 
with the lay across the mill to get the best natural lighting. The 
spacing of the looms will vary from 7 ft. to 9 ft. center to center, 
depending on the required width of alleys. The span length from 
the wall to the columns should be long enough to take two looms, 
end to end, with a narrow alley at the wall. This span varies from 
27 ft. to 29 ft. The main dimensions of the building having been 
determined, the machinery of the other departments can be 
arranged to the best advantage. 

The weaving is sometimes placed in a separate sawtooth weave 
shed connected to the main mill. This increases the cost of the 
buildings, and is not usually justified. 

The mending presents no particular difficulty, except that the 
light must be very good. This department is usually located near 
the windows, along one side of the building. 

The wet finishing is a ground-floor operation because of the 
amount of water used and the trenches required under many 
of the machines. It must have a direct connection with the mend- 
ing rooms by means of an elevator, chute, or conveyor. The ma- 
chinery in this department is of great variety, but any of it will 
fit into the dimensions and column spacing determined for the 
main mill, if it is to be located on the first floor of that building. 
It is more common practice to put the finishing in a building by 
itself, however, using the first floor for wet finishing and the second 
floor for dry finishing. As in the dye house, all water piping should 
be below the floor in the machine trenches and only steam piping 
overhead. 

The dry-finishing machinery is made up of a wide variety of iso- 
lated machines, around which there must be ample floor space for 
cloth-storage trucks, ete. If possible, there should be windows 
in the north side for final-inspection perches. The arrangement and 
operation of the machinery requires no special construction other 
than a good mill building. The finished goods are stored separate 
from the raw stock, and, since the amount is not large, a part of the 
finishing room serves for that purpose. The goods are packed 
and shipped from this department. 


Tue Stream, Hor Water, AND PowER PROBLEMS 


A ten-set woolen mill uses great quantities of water for manufac- 
turing purposes, part of which must be warm. It also uses large 
quantities of both high- and low-pressure steam for process work. 
The high-pressure steam, usually at about 80 Ib., is reduced from 
boiler pressure by reducing valves. The low-pressure steam can be 
from 5 to 15 lb., and is usually exhaust steam from the power unit. 
The hot water and low-pressure steam are part of the power-plant 
problem, and should be so treated. 

The type of power plant which has been very successfully em- 
ployed for mills of this size consists of horizontal-return tubular 
boilers with hand stokers and a 500-kw. turbo-generator arranged 
for steam extraction and operated condensing. A generator of 
this size has some excess capacity, but the power factor of a woolen 
mill is quite low and the additional capacity is required to take care 
of this difficulty. 

The circulating water, after leaving the surface condenser, is 
used for manufacturing purposes, and the amount and temperature 
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of the warm water required in the plant, and not the vacuum, gov- 
ern the flow. This water should be delivered to the mill at about 
120 deg. fahr. With a little experience the flow can be adjusted 
to give about this temperature under normal loads. Thermostati 
controls have been installed, controlling the flow of water to the con- 
denser, which have successfully maintained the desired temperature 
The warm water is pumped into storage tanks supplying the wet 
finish, dye house, ete. The steam which is bled from the tur- 
bine supplies the low-pressure system and is used to boil kettle- 
in the dye house, for wool scouring, for heating any water in excess 
of that furnished by the condenser, and in any place where low- 
pressure steam can be used. It has been used to dry stock, but to dv 
this requires some changes in the machines ordinarily furnished, 
since they are piped for high-pressure steam. A reducing valve 
between the high- and low-pressure systems supplies any low- 
pressure steam required beyond that furnished by the turbin 
The efficiency of plants with this arrangement is very high, and sinc: 
the power is largely a by-product of the manufacturing steam, 
the power costs are low. 

As stated before, 70 per cent of the woolen mills have some water 
power, but as a rule this power is available for only eight or nine 
months of the year and must be partly or wholly supplanted bh) 
steam power during the remainder of the time. The water whee!- 
can be direct-connected or belted to a generator which is operate: 
in phase with the main unit. These small water-wheel units are 
particularly valuable for driving a small night load or for furnishing 
power to the repair shops on Saturdays and Sundays. 

The modern woolen mill is driven by a combination of individua! 
and group motor drives. The tendency is toward a large propor- 
tion of individual drives and small groups. This has some aid- 
vantages in the the way of flexibility, accident prevention, an! 
cleaner rooms, but further lowers the power factor of the main unit. 


Discussion 


ARREN B. LEWIS! submitted a written discussion of Mr. 

Benoit’s paper in which he said that it was interesting to note 
the locations of many of the small woolen mills throughout New Eng- 
land in out-of-the-way places and apparently as far removed froin 
transportation facilities and the labor market as it was possi! le 
for them to be. These locations had been picked out origina!|y 
almost wholly on account of the available water power, and yet 
water power was of little value to a well-balanced woolen mill, 
and today would be of the least consideration. Water in itsel!, 
for finishing purposes, was very important, but water power was o/ 
practically no importance. Power could now be a by-product of 
finishing, and the net cost per kilowatt-hour, including all fixed 
charges, labor and supplies could be well under 1 cent. 

In a well-balanced mill not only could sufficient power be pro- 
duced to operate the mill, but there would be enough to operate a 
very sizable additional industry if all of the steam which was uscd 
in the form of low-pressure steam first passed through a turbine 

To insure this result, however, finishing machinery would have 
to be designed and built with this end in view. Many finishing 
machines were heated with high-pressure steam, or, in boiling proc- 
esses, equipped with pipes which were not sufficiently large for 
low-pressure steam. If dye kettles and other machines of a similar 
nature, driers, tenters, etc. were equipped with low-pressure coils 
and the heating system of the mill designed to operate on 1 or 2 |b. 
pressure, then the amount of steam required at any pressure above 
10 lb. was very small; in fact, probably 75 or 80 per cent of all of 
the heat required for processes and for heating buildings could be 
in the form of steam at 10 lb. pressure or less, 

It was questionable, therefore, whether there was any justification 
for spending money on water-power equipment in a well-balanced 
woolen mill. 

It was improbable that any well-balanced woolen mill could 
afford to buy power at rates which prevailed at the present time. 
It should be possible to equip a new mill or reéquip an old mil! so 
that the actual cost of power, as stated before, would be well under 
1 cent per kilowatt-hour; and it was not likely that power could 
be bought at any such net rate. 





1 Cons. Engr., Providence, R. I. Mem. A.S.M.E. 
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The fundamental principles which should be the basis of woolen- 
mill design as far as power was concerned, might be stated thus: 

1 Design the mechanical drives so.that the least amount of 
power would be required. 

2 Design the heating system, ventilating systems, dye kettles, 
driers, ete., so that low-pressure steam might be used exclusively. 

3 Design the power plant to produce a kilowatt-hour at the 
lowest practicable steam rate consistent with the size of the plant. 

t Develop all power in one unit, even for power-plant auxiliaries. 

With such a plant it would be found that power was entirely a 
by-product and live steam would probably have to be introduced 
into the low-pressure system, a condition much to be desired and 
one that would insure the minimum cost of power, light, heat, ete. 
per pound of wool worked. 

James W. Cox, Jr.,! who opened the oral discussion, commended 
the paper as being an excellent exposition of the problems of the 
small woolen mill. He disagreed, however, with the author that 
a supply of soft water was a governing feature in locating a mill, for 
with apparatus now on the market hard water could be rendered 
soft at a very low cost. He felt also that in the case of mills running 
on low-priced fancy cloths it was important that they be located 
near large centers where it would not be difficult to hire such classes 
of skilled workmen as wool sorters, fine-woolen spinners, fancy 
weavers, and fine sewers for boiling and mending. The proper sort- 
ing of wool was essential where cloths were woven from very fine 
yarns and soft finished. Except on slow-running work he felt that 
women would not produce in as great quantities as men. 

In regard to the departments making up a woolen mill, he believed 
that one for wool sorting should be included, as well as one for filling 
preparation. It was a saying that cloth was made in the sorting 
As to the engineer being concerned only with buildings, 
power, and the arrangement of machinery selected by the owner 
of a mill, he would say that there were engineers who not only did 
all that, but in addition utilized their broad acquaintance with vari- 
ous types of machinery, both domestic and foreign, in the selection 
of equipment for mills. 

A. A. Adler? said that it was customary to believe that if a mill 
were fitted with large windows and many skylights, the light thus 
obtained cost nothing, but if the cost of a building thus equipped 
were figured out, it would be seen that a considerable amount was 
being paid for the light. It was now possible to employ artificial 
lighting and to control its effects much better than daylight could 
be controlled, and he believed that the time for large windows and 
sawtooth-roof construction was nearly past in many industries, 
and possibly in the textile industry. 

L. H. Stark,* referring to the author's advocacy of the use of the 
extraction type of turbine in the power plant, asked whether there 
was not a limit to the amount of steam that could be extracted from 
such a turbine and yet obtain the full benefit from all of the steam 
that was coming from it. In the Middle West for about six months 
in the year the largest percentage of the exhaust steam was used for 
heating purposes; i.e., for a mill with a capacity of 1,000,000 cu. ft., 
practically 67,000 lb. of steam was required. It would therefore 
seem that a reciprocating engine would be a more efficient unit than 
the steam turbine. 

George H. Perkins‘ contributed some interesting data in regard 
to the various mills dealt with by the author. Taking as a stand- 
ard the 10-set mill, the coal required per set per year he found ranged 
from 125 to 150 tons, regardless of whether the plant was partly 
driven by water power or partly by purchased power or by power 
from any other source. He had two mills of the same size, one 
driven by water power and the other as the author advised, and 
the coal consumptions of the two were practically identical. 

There had been a considerable increase in the power required 
per set owing to the increase in size of cards and their speed, and 
While in the older mills with straight mechanical drive there was 
oftentimes found one requiring not over 25 to 30 hp. per set, includ- 
ing all the machinery, the more modern types with larger cards ran 
as high as 35 to 40 hp. per set. 

_As to the water needed, figures he had obtained showed that about 


room. 


' Textile Engr., New York, N. Y. 

’ New York, N. Y. Mem. A.S.M.E. 
* National Knitting Co. Milwaukee, Wis. 
‘Consulting Engr., Boston, Mass. Mem. A.S.M.E. 
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25,000 gal. per week per set would supply all requirements of such 
amill. As practically all of this water had to be heated to at least 
washing temperature, and some of it much higher, this would require 
in winter time half the coal that he had specified for such a mill. 

The author, replying to Mr. Cox, said that in regard to the diffi- 
culty of training help, he had heard a large woolen manufacturer 
say that he could take a person of average intelligence and inside 
of three or four months make a skilled operator of him on most of 
his operations. During the war there had been a shortage of 
spinners and girls had been put into the spinning rooms and trained 
in a comparatively short time. One plant in the Middle West had 
reported that they did much more and better work than men. 

In regard to Mr. Adler’s remarks concerning mill lighting, he 
would say that as a rule the sawtooth-roof construction was neither 
justified nor necessary. It was possible to put the looms in the main 
mill, and the 60 to 70 per cent glass area there ordinarily gave ample 
daylight lighting for woolen mill work. For cloudy and short days 
each loom had a 100-watt lamp, and for every group of four looms 
there was an additional iamp hanging over the shuttle boxes. 

Replying to Mr. Stark, he would say that the exhaust steam from 
a reciprocating engine was objectionable because of the oil in it, 
that from a turbine being much cleaner. As to the heating of a 
woolen mill, for the greater part of the day the heat generated by 
the machines was sufficient for that purpose, so that heating was 
required for the most part only at night and at week ends, and this 
did not synchronize with the power load. The greater part of the 
heating was done with live steam reduced. 


Sweden and the Future Timber Supply 


N a recently issued pamphlet dealing with the iron and wood 

industries of Sweden, a few principles are stated which are of 
considerable significance to American engineers and industrialists. 
To quote from the publication in question: 


The leading industries of Sweden are nowadays those based on the ex- 
ploitation of the forests. The annual value of the products turned out by 
Swedish sawmills exceeds $400,000,000, and this value is steadily increasing 
as less wasteful processes of production are being introduced. 

Until a short time ago the United States was a strong competitor in the 
Mediterranean trade, but the reckless cutting of timber, without replant- 
ing, has rapidly exhausted the supply available for export and turned that 
market over to Swedish dealers. During the last few years, however, a 
wonderful interest in reforestation of the denuded areas has developed in 
the United States, but it will take a century at least before American timber 
exportation once more can become a factor in the world market. 

When the coal, the ores, and the oils of the world are exhausted, Mother 
Nature will still grow forests of magnificent quality on Swedish soil, and that 
is the reason why Sweden and its wood industries may confidently look 
foward to a bright and prosperous future, and why Sweden one day must 
become one of the most important factors in the world’s trade. 


Control of Raw Materials 


GECRETARY Hoover pointed out in a recent letter to Senator 
\” Capper the urgent need for legislative control of foreign 
monopolies in imported raw materials essential to American in- 
dustry. He wrote: 


The last Congress made a special appropriation to the Department of 
Commerce to provide for investigation of imported raw materials essential 
to American industry which are under control of foreign combinations in 
restraint of price or distribution. While the reports upon this topic have 
not all been completed they will be ready at an early date and abundant 
material is in hand to prove unquestionably that foreign monopolies or 
combinations are potentially or actually in control of prices and distribution 
of the following commodities: 

Sisal for binding twine is controlled through a combination of producers 
reinforced by legislative action of the Yucatan Government. 

Nitrates and iodine are controlled through a British selling agency and 
reinforced by export duties in Chile. 

Potash is controlled by combinations of German producers. 

Crude rubber and gutta percha are controlled by partly legislative and 
partly voluntary combination of producers in British and Dutch Colonies. 

Quinine is controlled by combination of Dutch producers. 

Tin is controlled by combination of British producers. 

Mercury is controlled by common selling agency of Spain and Austrian 
mines. 

Coffee is controlled by the Government of Brazil. 

Quebracho (for tanning purposes) is controlled by combination of pro- 
ducers and foreign manufacturers. 
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SURVEY OF ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 





Straight-Line Water-Vapor Diagram for the Standard and High- 
Pressure. Ranges 


aN THERMODYNAMICS one usually has to deal with functions 
of three magnitudes, two of which vary independently of each 
other. Such functions may be represented graphically by means 
of either reticulated diagrams or nomograms. In the former, 
which are extensively used in thermodynamics, there corresponds 
to each state a point; in nomograms, a straight line. 

There are a number of diagrams of the first type used in thermo- 
dynamics and in all of them only two of the most important 
variations of state, namely, pressure and volume, are expressed 
by straight lines, all the others being expressed by curved lines. 

The author in a previous publication in German, Graphische 
Thermodynamik und Berechnen der Verbrennungsmaschinen 
und Turbinen, claims to have shown that in a logarithmic pressure- 
volume system all the technically important variations of state 
of gases can be expressed by straight lines, and now he states that 
by the same system of codérdinates nearly all the changes of state 
of water vapor can likewise be expressed by straight lines. As the 

464 
101.5 
p(v—v’) partly because it is well known in England, America, and 
Germany, and partly because the recently published Knoblauch 
steam tables give a surprising confirmation of the correctness of this 
formula. 

The author then lists all the various formulas which determine 
the state of steam. While none of these are new, they are never- 
theless reproduced here in order to render the remainder of the 
abstract understandable without reference to the original article. 
These formulas are as follows: 


were ; I 
basis of his work the author uses the Callendar formula - 


REGION OF SUPERHEAT 


T 273\2 
v—v’ = 0.0047— — aors( 72) Pixiin.s I (Temperature) 
Pp 
I — 464 : 
— tf See a aera ere II (Heat Content at Con- 
101.5 stant Pressure) 
U — 464 ; , 
= — = p(v—v’)... cape ase cache nr Ila (Internal Energy) 
4s. 
p(v — v’)'-? = constant............... III (Adiabatic, Isentropic) 


SATURATION CURVE 


reemower hae Mm ee ee Betas IV 
Region or Wet STEAM 

i i Rt kad nvesnwse keene ths Khar V (Volume) 

pi5/16(y, — v’) = 1.7235r............ VI (Constant Steam Ratio) 

| a AE ee ee ee eee VII (Heat Content) 

p(v, — v’)!.035 + 0.1% = constant........... .... VIII (Adiabatic) 


In these formulas the following notation is used: p, pressure 
in kg. per sq. cm.; v, steam volume in cu. m. per kg.; v’, volume of 
liquid in cu. m. per kg.; 7’, absolute temperature; t, temperature in 
deg. cent.; I, heat content at constant pressure in kg-cal. per kg.; 
z, steam ratio in kg. of steam per kg. of mixture. 

The system of coérdinates is selected with log p and log (v — v’) 
as the codrdinates. 


Tsochors and Isobars. In this system of coérdinates the varia 
tions of state at constant pressure (isobars) and at constant volume 
(isochors) are expressed by straight lines parallel to the axes of 
codrdinates. 

Throttling Line. At throttling the heat content J remains con- 
stant provided the pressure is constant. Formula II gives 


I 164 
log Pr log (2 > a log “gama 
101.5 
In the case of a variation of state where the heat content / 
is constant, the right-hand member of the above equation must ly 
also constant, which gives 
log p + log (v —v’) = constant... [la} 
This equation corresponds to a straight line inclined at 45 deg. to 
the axes of coérdinates. If there be given one point p;,7; expressing 
the variation of state at constant /, all that is necessary is to draw 
through this point a line inclined 45 deg. to the axes of eoérdi- 
nates. Thus, if, for example, 7 = 600, then 


I 14 600 — 464 
— = = . 1.34 
1OL.5 1OL.5 

In accordance with this equation the throttling line is drawn through 
a point at a distance of log 1.34 from the origin of the codrdinate- 

The variation of state at constant internal energy, as appears 
from Equation Ila, is also inclined at 45 deg. to the axes of co- 
ordinates. 

Polytropic. The polytropic change of state expressed by 


ple v’)" = constant. . 4 


is also represented by a straight line in the system of coérdinates 
here selected. From this equation it follows that 


log p + n log (v — v’) = log (constant)........ [2a] 


This gives a curve which intersects the log p axis at a point where 
log p = log (constant), and the log (v —v’) axis at a point where log 
log (constant) P . . . 
(v = ———_———,_ It is a line making with the log (v 
n 

axis an angle such that tan a = n. 

Saturation Line. The saturation formula IV may also be ex- 
pressed in the polytropic form: 


5 
16 log p + log (v — v’) = log 1.7235....... ...{3 
) 
It intersects the log p axis at a distance log 1.9235 from the origin 
and makes with it an angle such that tan B = 15/js. 
Line of Equal Steam Ratio. From Equation VI one ean obtain 
the formula 


from which it would appear that the variations of state at con-tant 
steam ratio occur parallel to the saturation curve. This line 
intersects the log p axis at a distance log (1.7235) from the origit 
of the coérdinates or at a distance log x from the point of inter 
212 
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In the neighborhood of saturation « = 1, 
hence tan 6= 1.035. In the neighborhood of 
the steam ratio x = 0.90, tan 6 = 1.125, ete. 
The new diagram is shown in Fig. 1 and 
contains the following curves, all of the 

straight-line type: 
In the Region of Superheat: 1, con- 








stant pressure p; 2, constant vol- 











ume v; 3, constant heat content 








i; 4, constant internal energy U’; 
», constant entropy S. 

In the Region of Wet Steam: 1, con- 
stant pressure p; 2, constant vol- 
ume v; 3 constant temperature 7’; 
+ constant volume ratio x; and 5, 
constant entropy S; also the satu- 








ration line between the two regions 





(¢ == fh. 








There are missing the isothermal lines in 





the region of superheat and the throttling 
lines in the region of wet steam, which is 
hecause they cannot be represented by 
straight lines in this system. The author 
shows, however, how these curves can be 
plotted. An additional auxiliary diagram 








is given in the original article indicating 
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entropy. This is not reproduced here as it 
is merely a graphical presentation of a 
new Mollier table. For the sake of clear- 





ness only a few lines of each kind are 
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Fig. 1 


rhis diagram is reproduced without change from the original article 
the period is used in decimal fractions in America and England 
example, 0,9 at. means 0.9 atmos. in America; kcal = kilogram-calories 


in deg. cent., depending on the formula, as shown in the notation used 


NEW STRAIGHT-LIN} 


If therefore the 
saturation line has been drawn, all that is necessary is to draw a 
line parallel to it at a distance log « therefrom. 

Superheat Adiabatic Lines. Adiabatic variation of 
state in the region of superheat is represented in Equation III by 
a polytropic with the exponent n 1.3. All these adiabatic lines 
are therefore straight lines inclined at an angle 52 deg. 30 min. 
or more correctly, at an angle y whose tangent = 1.3) to the log v 
axis. This adiabatic line is valid, however, only within the region 
of superheat, i.e., up to the point where it intersects with the satura- 
tion line. 


section of the log p axis and the saturation line. 


Ts ntropics. 


To each adiabatic line there corresponds a constant value of 
entropy, so that the adiabatic line may be given a numerical figure 
representing the corresponding entropy. Since, furthermore 


iS = 1.1 log a 0.25 log p— «cp 1Obt4..... (LX) 
where 
- 
¢= a. 
a 
the adiabatic line intersects the log p axis at a point where 
S+o 1.0544 " 
ote Tt oe? ... (IXa) 


a 


From this equation we can find the values of So for any given value 
l. Furthermore from Equation I we can find the value of v% 
lor the same value of 7) and p = 1. By doing this we determine a 
point (p = 1, vs) of the adiabatic line, having a given value of S 
and hence the isentropic line So. 
Adiabatic Line for Wet Steam. 


; In the region of wet steam, 
Equation VIII applies, which gives 


log p + (1.035 + 0.12x) log (v — v’) = constant....... [5] 


This equation when zx is constant corresponds to a straight line 
inclined to the log v axis at such an angle that tan 6 = 1.035 + 0.12. 


WaTeR-Vapor DIAGRAM 


Attention is called to the fact that where 
the comma is used in Germany 
temperatures are either in deg 


drawn in Fig. 1. At the bottom a scale 
is given for p, v, a, and RT. The values 
of J are given at each stage on the axes 
of codrdinates. (M. Seiliger in Zeitschrift 
des Vereines deutscher Ingenieure, vol. 68, 
no. 2, Jan. 12, 1924, pp. 25-27, tA 
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Short Abstracts of the Month 








AIR MACHINERY (See Power Plants) 
The Selection of Motors for Driving Industrial Fans 


In Tuts article, which deals chiefly with large fans including 
blowers and exhausters, it is stated that the power required to 
drive a given fan varies sharply with the speed, and that an over- 
load or underload condition may easily result from voltage on direct 
current or cycles on alternating current being above or below nor- 
mal, 

For direct-current applications a compound-wound motor is 
more satisfactory than a shunt-wound motor, for the reason that 
its speed-load characteristic is of the opposite sign to that of a fan, 
thus counteracting in part the tendency to overload or underload 
with variations of voltage or air resistance. Direct-current fan 
motors may be controlled either by hand starters with proper 
equipment or by various kinds of automatic starters. 

Variable-speed fans where direct current is available do not 
present a difficult problem. The shunt-field strength of the motor 
can be adjusted by a rheostat giving a motor-speed adjustment 
without material loss. However, the standard compound motor 
should not be called upon for more than 10 per cent speed increase 
by field control, and where a greater speed range is required arma- 
ture control can be added to field control. Automatic speed 
regulators are available for holding pressure practically constant 
throughout a wide range of air resistance. 

The squirrel-cage induction motor is well suited to constant- 
speed fan service. The speed is stable and constant under all 
loads and the motor itself is simple and reliable. 

Squirrel-cage motors of smaller sizes are thrown directly on the 
line. For very large sizes compensators must be used; these may 
be hand operated or automatic. Synchronous motors are often. 
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used for fan service in sizes above 40 hp. The fact that full load 
is attained with full speed makes it necessary to choose one of 
two ways to make the motor pull into synchronism. To do this 
a clutch may be interposed, which relieves the motor of load until 
synchronized. To pull the fan up to speed requires the clutch to 
dissipate, as heat, one-half the energy thus consumed. A new 
type, the supersynchronous motor, eliminates the clutch and is 
being suecessfully applied wherever the pull in load is more than 
50 per cent of the full load (always the case with fans). This 
motor has a brake-held rotable frame which is released in starting. 
The frame is synchronized before the rotor and its attached load 
is started. The brake is then applied and, as the frame comes to 
rest, the rotor is brought up to synchronism with all its pull-out 
torque available for pulling the load into step. 

The use of synchronous motors with their higher cost and neces- 
sary direct-current field excitation is justified where there is a group 
of induction motors in the plant giving a low power factor. Syn- 
chronous motors correct power factor and insure better rates if 
power is purchased, and, if plant power is used, make more generator 
and distribution capacity available for work. 

Variable-speed fan operation with alternating current requires 
the use of either a wound-rotor induction motor, or a brush-shifting 
commutator type of alternating-current motor. The latter is more 
expensive but more efficient at low speed, which justifies its use 
where there is a great amount of slow-speed running. It is, how- 
ever, less efficient at full speed than the wound-rotor motor. (R. 
H. Rogers, Industrial Engineering Department, General Electric 
Co., in Chemical and Metallurgical Engineering, vol. 30, no. 6, 
Feb. 11, 1924, pp. 231-233, 9 figs., p) 


ENGINEERING MATERIALS 
Measurements) 


(See also Testing and 


Comparative Tests of Hardness of Various Steel Tools at High 
Temperatures 


Tue author gives a brief review of previous work on the subject 
and then proceeds to the discussion of his own tests, which were all 
carried out at the works of Schneider & Co., Creusot, France, 
where he is chief engineer. 

Three steels were used for these tests— 

A, containing 1.390 per cent carbon 

B, 1.330 carbon and 4.840 tungsten, and 

C, 0.670 carbon, 18.530 tungsten, 3.923 chromium, and 
1.040 vanadium. 

The author describes briefly the heat treatment to which the 
steels were subjected previous to tests as well as the method of 
testing, the following being a summary of the results obtained (all 
temperatures in degrees centigrade). 

Steel A. When heated the steel retains its original hardness 
(i.e., at room temperature) up to about 125 deg. The hardness 
then regularly decreases as a function of temperature up to 
750 deg. 

Plunging in water followed by oil tempering at 250 deg. during 
15 min. does not materially change the cold hardness of the steel. 
The hot hardness seems at first for temperatures up to about 250 
deg. a little less than for samples hardened without tempering, 
but the difference is small. The foregoing applies of course only 
to this particular steel having very high carbon content (1.390 
per cent). The author has also tested another steel less hyper- 
eutectic, namely, one with a carbon content of 1.170 per cent, and 
obtained hardness curves considerably different from those for the 
A steel. From these tests it would appear that the higher the 
carbon content of a plain carbon steel, the better the steel is 
capable of maintaining its hardness at high temperatures. In actual 
figures, however, the difference is not large. The higher-carbon 
steels also seem to retain their hardness a little better after 
tempering. 

Steel B. After hardening in water at 835 deg. cent., the B steel 
has a higher hardness than the A steel. It is also difficult to polish 
and often breaks during hardness tests. When heated its hardness 
begins to decrease at about 100 deg. It then remains constant 
up to 175 deg. and from then on decreases rapidly at first and then 
more slowly. The hardness of the B steel at high temperatures is 


Vou. 46, No. 4 


greater than that of A steels, except for the temperature interval 
from 250 to 350 deg. cent. 

Steel C. The initial hardness at room temperature of water-jet- 
cooled steels of this character is slightly less than that of A steels 
and considerably lower than that of B steels. The hardness of 
samples cooled in a lead bath is somewhat greater and more regular. 
At temperatures up to about 600 deg. cent. the hardness of steels 
treated by the Taylor process is better maintained than those 
treated by air jets, but from there on the curves have about th 
same appearance. 

After tempering, the hardness of samples treated in air jets re- 
mains practically constant up to about 300 deg. cent., undergoes 
slight reduction in the interval 400 to 500 deg. cent., and returns 
to its initial value at about 600 to 650 deg. cent. (secondary hard- 
ening), after which the hardness decreases rapidly. 

In the case of samples hardened and tempered at 600 deg. cent 
in a lead bath the variations of hardness between 0 and 650 deg 
disappear and the hardness curve is very much more nearly horizon- 
tal. 

The questions next discussed in the article are the influence o/ 
heat treatment on the hardness of high-speed tool steels at highe: 
temperatures and also the correlation between the heat treatment 
and the structure of high-speed tool steels, including their 
hardness. 

The conclusions at which the author arrives are that high-speed 
tool steels of the tungsten type, after hardening in water at 825 
deg. cent., possess a hardness both at room temperature and at 
higher temperatures somewhat greater than the corresponding 
hardness of tungstenless carbon steels, and conserve it somewhat 
better than the latter after tempering; in other respects their 
behavior is not essentially different. (Jean Cohade in Revi 
Universelle des Mines, Series 7, vol. 1, no. 2, Jan. 15, 1924, pp. 
75-104, 16 figs., e) 


FOUNDRY 


Reinforced Gray-Iron Castings 


Description of a process that has been successfully employed 
for the manufacture of automobile-engine cylinders by a Belgian 
foundry. 

Every foundryman who has had experience with casting auto- 
mobile-engine cylinders knows how difficult it is to satisfy modern 
specifications which demand at 
the same time thin walls, in- 
tricate castings, and a leak- 
proof metal. In this case all 
the parts of the cylinder where 
porosity is frequent (valve 
seats, spark-plug ports, etc.) 
are provided with a thin steel 
wall which welds closely to the 
iron and insures perfect tight- 
ness. These walls are made of 
extra mild sheet steel which is 
given the proper shape before 
being introduced into the mold. 
The steel reinforcement (Fig. 
1) is placed into the mold in 
such a manner that it welds 
te the exterior surface of the 
cylinder tube. The thickness 
of the reinforcing sheets has 
to be properly computed with 
due regard to the thickness of the cylinder walls in such a manner 
that the cast-iron mass will weld to the steel without absorbing it 
completely. In the last eighteen months a number of cylinders 50 
cast have proved that by this process porosity may be completely 
eliminated. 

Because of the use of this method of preventing porosity in cast- 
ings, it becomes possible to cast the cylinders in soft graphitic irons. 
The same process has been employed for making high-pressure 
gas and liquid containers. Abstracted from an article entitled 
La Fonte Armée, in La Fonderie Moderne, vol. 18, Jan., 1924, P- 
16, 1 fig., d) 
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Reservoir on Cupola in Place of Mixing Ladle 


Description of an adaptation of a cupola accessory well known 
in Europe. As installed in an American plant this device consists 
of a forehearth or reservoir with a capacity of approximately two 
tons. It has a 4-ft. brick-lined shell, mounted on a base plate 
supported by four legs, and equipped with a drop bottom similar 
to cupola and with a detachable cover lifted on and off by a chain 
block. The cupola is never stopped after it starts melting. A 
constant stream is allowed to flow into the reservoir and the latter 
is tapped and stopped to accommodate the ladles employed to 
convey the metal to the molds. (H. R. Simonds, in The Foundry, 
vol. 52, no. 3, Feb. 1, 1924, p. 87, 1 fig., d) 
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FUELS AND FIRING 
Low-Temperature Processes of Coal Distillation 


IN view of the interest in this subject the following abstracts 
are presented from three publications. 

The first deals with the Bergius process for liquefying coal. 
This is based on a report of experts who visited the inventor’s 
factory at Mulheim-Rheinau in Germany. The works are said 
to be of commercial size. 

According to the report the Bergius process can deal with the 
most diverse raw materials, such as petroleum residues, asphalt, 
bituminous schist, bitumens, tars, coal dust, ete. The general 
method adopted by Bergius consists in first preparing an artificial 
coal substance containing 85 to 88 per cent of carbon. This sub- 
stance combines with hydrogen at very high temperatures and 
pressures, for example, 850 deg. fahr. and 3000 Ib. per sq. in., the 
whole of the solid material being converted into a thick liquid which 
ipparently has the same general complex composition as crude 
petroleum. 

Natural coal in a pulverized condition at the above high tem- 
peratures and pressures also readily absorbs a large amount of 
hydrogen and is nearly all converted into a liquid material with 

very high hydrogen content. 

\ceording to the report, in the plant inspected the hydrogen is 
produced by the so-called “Bamag’’ process based on the principle 
of decomposition of water by iron at a red heat. The hydrogen 
used need not be as pure as that required for the synthetic process. 

(f the amount of hydrogen fixed, it may be said generally that 
the quantity depends on the length of time the hydrogen is in 
contact with the raw material and the composition of this ma- 
terial. In the industrial application of the process from 0.7 to 
2.1 per cent of the hydrogen is fixed with the raw material. 

\verage results show yields from the industrial process as under: 

\—Reducing the temperature of the vapor emerging from the 
dehydrating tube by 15 to 20 per cent, a complex liquid is obtained. 
This liquid, if obtained from otherwise useless petroleum residues 
hy the Bergius process, has a boiling point of about 40 deg. cent.; 
if produced from tar, lignite, or coal the boiling point is about 
60 deg. cent. The resulting liquid, which represents about 70 
per cent of the total original quantity dealt with, may be split 
up by fractional distillation into (a) a light benzol at 150 deg. cent., 
which represents about one-third of the original volume; (5) a 
heavy benzol coming off between 150 and 210 deg. cent., and in 
quantity equal to about one-sixth of the original volume. This 
oil can be used as a fuel for large internal-combustion engines; 
(¢) a product coming off between 210 and 300 deg. cent., repre- 
senting about one-fifth of the original quantity. This liquid is 
suitable for Diesel and semi-Diesel engines; it also has the char- 
acteristics of refined petroleum. 

s—Hydroearbon gases, which analysis shows to be a mixture 
of methane, ethane, and propane. These gases, produced at the 
rate of 4200 to 7000 cu. ft. per metric ton of material treated, have 
a calorific value of about 12,000 cal. per cu. m. With this high 
calorific power the gases cannot be considered as a loss; they are, 
in fact, used for enriching the water gas which is added to coal gas 
ior illuminating purposes. It is also sold, compressed in cylinders, 
for welding purposes, possessing the great advantage over acetylene 
of being perfectly stable. These gases are easily obtained in the 
liquid form. 

Further heavy products are obtained similar to the Russian 
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mazout, a residue which can be used either as a fuel oil or as a 
binder of high value. This residue is susceptible to still further 
treatment by the Bergius process. When tar is treated by the 
process a residue is obtained which is remarkably plastic and yields 
a pitch which is far superior to any obtained from the original 
material by ordinary distillation. 

Among the findings of the Commission are the following state- 
ments. The Bergius process permits the production on a com- 
mercial scale of oils for which the country is at present dependent 
on foreign supplies. The raw materials used are those of which 
considerable quantities are found in the country. The applica- 
tion of the process in Belgium, therefore, becomes a matter of 
primary national importance. The process can furnish large quan- 
tities of home-produced benzol (about one-fifth of the consump- 
tion). It is especially desirable that the Belgian patents of the 
Bergius process should be retained for Belgians, so that in the event 
of war the country shall possess means for making its own benzol. 
(The Iron and Coal Trades Review, vol. 107, nos. 2900 and 2907, 
Sept. 28 and Nov. 16, 1923, pp. 471 and 735, dA) 


A different process of low-temperature carbonization is that 
effected by the modified Mond producer as used by the Power 
Gas Corporation in England. As a matter of fact there are two 
types of this kind of by-product producer-gas plants, designated 
respectively as true-low-temperature and semi-low-temperature 
in accordance with whether the final gas temperature is consider- 
ably below the tar-evolution temperature of the fuel or approaches 
it. 

Initially, in the Mond producer the temperature in the top section 
is seldom less than 1000 deg. fahr. As a result the coal is subjected 
to high-temperature carbonization as soon as it enters the retort, 
and the oils are cracked, with the resultant loss of the low-tem- 
perature oils. To prevent this it was decided to deepen the fuel 
bed considerably, retaining its usual width so that the entire charge 
is slowly gasified, low-temperature carbonization being effected 
at the top of the producer. The semi-low-temperature design 
is applied mainly to existing producers and at the present moment 
there are four large Mond gas plants being modified to work on 
this system. 

The central fuel-feeding bell of the Mond producer has been 
replaced by a circumferential fuel feed. The latter arrangement 
is obtained by extending the mouth of the gas-outlet pipe to a 
position somewhat below the surface of the freshly charged fuel, 
the gas-outlet pipe being “luted” in the coal. Nearly all gas 
producers of the ordinary static type tend to burn more intensely 
at the edges, but when the gas-outlet pipe is arranged as shown all 
gas must pass through the center of the top of the fuel bed before 
leaving, thus insuring that the central fuel particles are heated up 
simultaneously with those particles that are nearer to the lining. 
As a matter of fact, the fuel temperatures in a by-product-recovery 
producer with central gas-outlet pipe across a horizontal plane 
just below the internal fuel (inverted) apex have been found to 
be practically even and vary, according to the load factor, between 
480 and 840 deg. fahr. The time factor in the semi-low-temper- 
ature producer is from '/2 to 1 hr. 

The advantages that have been proved as attendant upon this 
conversion are: Average daily gasification is increased by 50 per 
cent; the heating value of the gas is increased from 140 to 160 
B.t.u. per cu. ft.; the carbon in the ash is reduced from 30 to 15 
per cent; ammonia yield is unaltered, though steam consumption 
is nearly halved; the tar yield is increased by 30 to 40 per cent; 
the thermal efficiency of the process, aside from steam saving, is 
increased by 10 per cent; no superheating of the air blast is re- 
quired, thus effecting an economy in maintenance charges. 

The true-low-temperature plant is built along the same lines 
but is intended for new installations and not conversions. The 
main points of difference are that the time factor is longer, 3 to 
4 hr., that the temperature at the top of the retort is reduced to 
280 deg. fahr. to allow slower evolution of the volatiles and the 
minimum of cracking. 

In the first commercial installation of the low-temperature plant 
there were 5.25 tons of coal per 24 hr. and the yields were as follows: 
120,000 cu. ft. gas of 178 B.t.u. per cu. ft.; 20 gal. of tar; 90 lb. 
ammonia (56 per cent efficiency); the gasification eHiciency, in- 
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cluding tar, was 91.5 per cent and excluding tar, 78.4 per cent. 
It is stated that the low-temperature plant can be installed today 
at about the same cost as the Mond plant under prewar conditions, 
and can be operated with from 10 to 30 per cent less labor, depend- 
ing on the size of the installation, and can be accommodated on 
half the ground space. (C. H. 8. Tupholme in Chemical and 
Metallurgical Engineering, vol. 30, no. 7, pp. 271-273, 2 figs., d) 


In this connection it is desired to call attention to a paper on 
high- and low-temperature processes of coal distillation which, 
among other things, covers the commercial side of high- and low- 
temperature processes, including the coalite and carbocoal proc- 
esses. It also gives some information on the process invented 
by Piron and Caracristi. In this process, which is said to be under 
test by the Ford Motor Co., the furnace consists essentially of a 
lead bath maintained at a temperature of about 580-600 deg. cent. 
by gas burned in cast-iron flues in the bath; the coal is carried in 
a thin layer on a series of cast-iron conveyors floating on the surface 
of the lead. On account of the intimate contact of the coal with 
the source of heat, the carbonization is very rapid, the coal remain- 
ing in the furnace only from 7 to 10 min., thus giving large capacity 
per furnace. In this type of furnace there is no danger of any 
degradation of vapors by contact with hotter surfaces, so it would 
appear to be a true low-temperature operation. 

Another process is the Bussey, which has been developed to a 
semi-commercial stage in Louisville, Ky. It consists essentially 
of a vertical rectangular tapered shaft about 15 ft. high, equipped 
with a charging device at the top and a hopper below for receiving 
the coke. Air is admitted at the bottom and the resulting hot 
producer gas distills the raw coal in the upper part of the shaft. 
A water-cooled slice bar or movable grate slices off at intervals 
a portion of the coke or char into the hopper below, where it is 
quenched. The hot gases carry off the hydrocarbon vapors, which 
are collected in the usual manner. (Wm. Hutton Blauvelt in a 
paper presented before the New York Section of The American 
Society of Mechanical Engineers, December 18, 1923. Published 
in Chemical Age, vol. 32, no. 1, pp. 17-21, gd) 


Motor Gasoline in the Winter of 1923-1924 


THE average motor gasoline being marketed this winter ap- 
parently possesses slightly better engine-starting qualities than 
that tested in former winter surveys, states the Department of the 
Interior, following the completion by the Bureau of Mines of the 
ninth semi-annual survey covering gasoline sold in ten American 
cities. The Department’s conclusion as to this slight improvement 
in the starting power of gasoline now on the market is deduced 
from the slight decrease in the average for the initial boiling point 
of samples tested by the Bureau of Mines. 

The results of the Bureau of Mines survey indicate that in 
certain districts petroleum refiners are obtaining a much better 
fractionation of the lighter products, or in other words are, through 
greater skill and improved mechanical appliances, able to make 
cleaner cuts of gasoline and kerosene refined from crude oil, thus 
permitting an increased yield of gasoline without appreciably 
affecting the quality. About two years ago the 90 per cent dis- 
tillation point in Federal specifications was raised in order to 
permit a great quantity of gasoline to be obtained from a given 
quantity of crude oil, while still maintaining a motor fuel of satis- 
factory quality. At the time this change was made the end point 
in the distillation was allowed to remain as it had previously stood, 
and a question arose as to whether refiners would be able to take 
advantage of the increase in the 90 per cent point and still main- 
tain the old end point. The results of the present survey indicate 
that this is being done successfully in certain districts. 

With the exception of these indicated changes, the Bureau of 
Mines found that the winter grade of motor gasoline now being 
marketed is not materially changed from that of recent years. 

The Bureau’s ninth semi-annual motor-gasoline survey covered 
the cities of New York, Washington, Pittsburgh, Chicago, New 
Orleans, St. Louis, Denver, Salt Lake City, San Francisco, and 
Bartlesville, Okla. It was found that in all cities except St. Louis 
and Denver the average of all gasoline samples tested came well 
within the "range of Federal specifications. Despite this fact, 
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74 out of the 149 samples tested, or practically one-half, failed to 
meet Government motor-gasoline specifications in some particular. 
The samples obtained in Washington, D. C., registered the fewest 
failures. 

An appreciable decrease in the initial boiling point for the Jan- 
uary, 1924, averages as compared with those for January, 1923, 
is shown, although this change is not so marked in the averages 
for New York, Pittsburgh, and Chicago. An interesting change 
has taken place in the averages for the 90 per cent distillation points 
of New York, Chicago, St. Louis, Denver, and Salt Lake City. 
The average 90 per cent point for New York has been increased 
12 deg. and at the same time the end point average has actually 
been decreased by 1 deg. The average for the 90 per cent point 
in St. Louis has increased by 17 deg. while the average in the end 
point has only been increased by 4 deg. Denver and Salt Lake 
City, on the other hand, show an increase in the averages for the 
90 per cent and end points, of 22 and 16 deg., respectively. (N. F. 
LeJeune,' I. H. Nelson,? and L. P. Calkins,? in Survey Serial No. 
2577, U. S. Bureau of Mines, Washington, D. C., g) 


GAS ENGINEERING (See Testing and Measurements 


INTERNAL-COMBUSTION ENGINEERING ‘See also 
Fuels and Firing) 


The Gas Turbine 


IN THE author’s opinion, while many attempts have been mad 
to realize the ideal of an internal-combustion turbine, it may |» 
briefly stated that nearly all of them have been failures or som 
what akin to failures. In fact, from his own experience with in- 
ternal-combustion engines, the author comes to the conclusio: 
that he is not convinced that even with the best results which hav: 
been obtained the gas turbine can be made a commercial success 

A few years ago the author was determined to set aside the su 
of about £20,000 as a fund to be used for research and experi 
menting in gas turbines. This sum of money has not been used 
for this purpose, as he is convinced that at present there are almo-' 
insuperable difficulties in obtaining sufficiently satisfactory result 
to warrant such an expenditure. 

The problem of the gas turbine is much more difficult than many 
people believe. In addition to the prime-mover element consisting 
of a rotating wheel, nozzles, combustion chambers, ignition, and 
valve gear, there must be an air blower or air compressor capab|: 
of feeding the combustion chambers of the turbine with sufficient 
air at suitable pressures for carrying on the combustion processes. 
There must also be a similar blower or compressor for delivering 
gas in a suitable volume and at suitable pressure for mixing wit! 
the air. There must also be suitable motors, whether of the inter- 
nal-combustion or other type, for driving these blowers, and to 
obtain the maximum heat efficiency there must be some apparatus 
for utilizing the heat of the exhaust gases in some of the processes 
connected with the gas turbine. From this brief inventory 
will be seen how many probletns have to be solved before a suc- 
cessful gas turbine can be built. 

The difficulties that have been experienced so far as are known 
have been mainly metallurgical, in that a metal has not yet been 
found which possesses high tensile strength at high temperatures. 
Herr Holzwarth has patented a pure mild steel, unalloyed as far 
as possible, with a carbon content preferably below but not excee«|- 
ing 0.1 per cent for his turbine wheels, and although there are no 
practical data to confirm this statement, one infers that with 
material of this kind some success has been obtained. When one 
considers that the turbine disk, nozzles, and blades have to with- 
stand a temperature of about 2500 deg. fahr. and pressures reaching 
300 Ib. per sq. in., it will be understood that practically a new 
material has to be found which will maintain not only its strength 
but also its form under the temperatures and pressures mentioned. 

It is quite true that similar difficulties were experienced in steam- 
turbine blades and disks and that they have been largely over- 
come, but the temperatures even with highly superheated steam 
are only about one-fourth to one-fifth of that which is experienced 





1 Asst. Petroleum Chemist, U. 8. Bureau of Mines. 
2 Junior Chemists, U. 8S. Bureau of Mines. 
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in a gas turbine, so that the comparison is not quite a correct one. 

The only gas turbine about which there has been any authentic 
information is that made by Hans Holzwarth. Sometime in 1923 
the author found references in the German press to a gas turbine 
which was invented by Leich of Hamburg. He put himself in 
communication with the inventor and was told that six turbines of 
this type were actually at work in Germany. He asked for further 
information and for permission to visit Germany and see the turbines 
at work but this was refused, even if a German engineer were 
employed by the author to investigate the motor. The inventor 
igreed, however, to come to England and show the drawings to 
the author. He informed him that he had a gas turbine of 12,500 
lip. working on blast-furnace gas in upper Silesia and that it had 
worked since July-August last, night and day, without a stop and 
that five other turbines had been built varying from 500 hp. up. 

he author expresses doubts as to the truth of these statements. 
The Leich turbine, as shown in the drawings in the original 
paper, consists of a Laval rotor and nozzles combined with a 
labyrinth wheel and a great number of combustion chambers. 
The Holzwarth turbine has a maximum number of eight combustion 
chambers, whereas in the Leich turbine there may be as many as 
sixty combustion chambers round the circumference of the rotor 
according to the size of the machine. 

The Leich turbine is constructed on the constant-pressure system, 
and in reply to queries as to whether there was any firing back when 
hurning the explosive mixture, the author was informed that it 
had never occurred and that the labyrinth wheel prevented any- 
thing like that happening. The combustion chambers are ex- 
tremely small in size, large ones not being necessary owing to the 
increased number of them, and on this form of construction Herr 
Leich places great importance. 

Herr Leich informed the author that he guaranteed a thermal 
efficiency of not less than 36 per cent and that none of the turbines 
actually constructed gave less than 31 per cent. As the author 
could not be permitted either to enter into correspondence with 
the firms in Germany who were making the Leich turbine under 
license or to view any of the turbines said to have been constructed, 
he therefore declined all proposals made to him for manufacturing 
this machine, but as he has already indicated, there has been much 
newspaper publicity in Germany over this turbine, and as the way 
seems to be blocked for the ordinary engineer to make himself 
acquainted with what is going on, he repeats his suggestion that 
some of the enterprising engineering journals should find out the 
truth coneerning this machine. 

An illustration in the original articles shows a view of the Leich 
turbine. This is taken from a German magazine in which the 
turbine is described. A similar photograph was shown to the 
author by Herr Leich, and the former immediately said that the 
photograph was a faked one, which the inventor admitted was so, 
but he added the statement that it was purposely faked because 
he did not wish to show the whole of the construction of the tur- 
bine. (Hugh Campbell in a paper read Jan. 29, 1924, before the 
Institute of Marine Engineers. Abstracted from advance publica- 
tion, d) 


MACHINE PARTS (See Railroad Engineering) 
MACHINE SHOP 


The Plain-Head Turret Lathe as a Chucking Machine 


A PRACTICAL article discussing methods of production of small 
chucking work on an ungeared capstan lathe, emphasizing the fact 
that on many castings machining can be done on an ungeared 
capstan lathe at much faster rates than on the heavier machines. 
He illustrates this by showing how various pieces can be handled 
on this type of lathe, among these being a case of machining two 
parallel holes in the end of a brass stamping. The next piece, the 
machining of which is described, is a small connecting rod for a 
motorcycle engine. Here the material is steel and the rod is in 
the form of a drop stamping. Both bores are machined at one 
setting, the jig plate being rotated about an eccentric center. The 
Operation consists of start drilling, drilling large hole, second boring 
and facing boss, reaming large hole, drilling small hole and facing 
boss, and finally reaming small hole. The large hole has indents at 
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either side, leaving about one-quarter inch of solid metal to be re- 
moved, while the small hole is machined from the slide. The pro- 
duction time for the rod is 4 min. complete. This method of deal- 
ing with connecting rods in quantity is somewhat unusual, but serves 
as a good illustration of what an ungeared capstan lathe can do when 
needed. 

The next example is a small bevel-wheel blank made from an 
iron casting. In this case the article shows not only the piece 
machined (Fig. 2) but also the tool layout. The chuck is of the 
usual two-jaw self-centering type with specially formed jaws grip- 
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Fig. 2 Smatut Cast-Iron BeveL WHEEL FOR MACHINING ON UNGEARED 
CAPSTAN LATHE 
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Fic. 3 Toot Layour FoR MakinG ALUMINUM TIME-FUSE Bopy oN 
UNGEARED CapstTaN LATHE 


ping on the dovetail portion of the casting. For rough drilling and 
finishing the hole specially designed holders have to be used. Each 
of these carries two tools, one of which is set at the correct angle 
for the bevel, while the other is arranged to turn, face, and cut 
the radius on the corner of the 1-in.-diameter boss. Both the 
roughing and finishing blocks are provided with hardened and 
ground pilots, fitting the bore of the wheel, and great rigidity is 
obtained thereby. 

The machining of the rear face is effected by an arrangement 
in which a rod carrying a facing cutter of the face-mill type, provided 
with a roller pilot end, is mounted in the spindle. This rod is 
provided with end movement by means of the handwheel shown at 
the end of the machine. The whole of the arrangement is carried by 
a bracket mounted on the end of the lathe body and is not rotatable, 
so that with the spindle rotating and the cutter stationary, end 
movement of the latter results in the face being machined. The 
face cutter is of course left-hand cutting. The end adjustment 
of the cutter rod is provided with stops so that accurate dimensions 
can be adhered to. The whole of the tool is carried on the turret 
except the rear facing device, and the cross-slide is not used. 
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The production time for the blank machined where marked F 
is 3!/2 min. each. The next illustration (Fig. 3) shows a layout 
for a Ward 5'/:-in. ungeared capstan lathe for dealing with a time- 
fuse body from an aluminum casting, and is part of a complete 
equipment recently supplied to an overseas arsenal. The rough 
casting of the article under consideration is stepped in two parallel 
diameters without a core and there is therefore a large amount of 
material to be removed. The cutting speed is approximately 250 
ft. per min. on the external diameter, this being reduced to about 
75 ft. per min. for final forming and tapping. The casting is gripped 
in a three-jaw self-centering chuck with stepped jaws, so that each 
one is automatically set to length when it is placed in the chuck by 
hand. The first operation consists of facing the end with the tool 
shown on the front of the cross-slide. After facing, the hole is 
rough bored with a two-step flat drill. Owing to the nature of the 
material, the cut has to be relieved for chip clearance two or three 
times during the operation. Following the rough drilling a com- 
bination tool consisting of a second boring bit and a knee tool holder 
with two tools. The front cutting tool in the knee tool holder 
deals with the largest diameter of the casting, while the second one 
rough turns the ultimate threaded diameter. The next turret 
station carried a similar combination for finishing the bore and 
removing further material from the external diameters. Next in 
order is a rack-recessing tool holder carrying a double recessing tool 
for producing the undercuts at the bottom of each threaded bore. 
Two releasing tap holders, each with a suitable tap, complete the 
turret layout, and the final machining operation consists of forming 
the large diameters with a vertical forming tool carried in a suitable 
holder located on the rear of the cross-slide. 

It may appear to the average capstan-lathe user that some of 
the tooling is superfluous, but the piece must be produced on a 
repetition basis to fine limits. Readers who have had experience 
in this class of production will, however, appreciate the necessity 
of leaving the smallest possible amount of material for the final 
finishing tools to remove, so that they will stand up to their work 
without question for the longest possible time. The production 
time for the foregoing operations is 3 min. 

To assist in the manufacture of this piece, the large external thread 
is produced on a thread-milling machine after all other machin- 
ing operations are finished, thereby leaving this accurately finished 
diameter for subsequent chucking. 

It will be noted that this diameter is used as a chucking piece 
while the second lathe process is effected. (E. W. Field in British 
Machine Tool Engineering, vol. 3, no. 25, Jan.-Feb., 1924, pp. 3-7, 
9 figs., pd) 


MACHINE TOOLS (See also Machine Shop) 


Bed Design of the Buckman 8'/;-in. Center Lathe 


A DISTINGUISHING feature of the new Buckman lathe (of British 
manufacture) is the novel construction of the bed. This (Fig. 4) 
is a box-section member 205/s in. in depth by 16*/s in. in width 
over the shears, the latter combining a series of flat and V-shape 
bedded surfaces for the saddle and tailstock members. The system 
of carrying the very deep and rigidly braced box section practically 
from end to end of the body is, however, its distinctive feature. 
The bed is supported at its ends on short box feet which are sur- 
mounted by shallow trays draining into the main tray suspended 
between the feet from the under side of the bed cross-ribs. The 
sump embodied in the main tray extends toward the back of the 
machine in a manner which is said to facilitate the removal of swarf. 

The feed gear box, which is bolted to the bed in front of the head- 
stock, carries both the guide screw and the sliding and surfacing 
feed shaft. The screw is fitted with ball thrust bearings at each 
side of the right-hand bearing bracket, and is used for screw cutting 
only; it is corrected on a special machine fitted with a lead screw 
certified by the National Physical Laboratory, Teddington. Drive 
to both the screw and the feed shaft is taken from the end of the 
spindle through a reversing gear quadrant and gearing, a nest of 
gears embodied in the gear box, which are operated through the 
medium of a sliding key and hand lever, supplying four rates of 
automatic traverse, varying from 14 to 112 cuts per inch, to the 
saddle. Change wheels are also provided for driving the guide 
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screw in the correct ratio to the spindle for all standard Whitworth 
screw pitches. 

The saddle apron is a very compact unit. The whole of the 
driving gears are supported on journal bearings. Sliding and 
surfacing feeds are derived from the gear-box shaft, thence 
through a drop worm meshing with a worm wheel. This wheel 
is carried on an eccentric stud by a sleeve carrying two small spur 
gears. By moving the handle through 90 deg. in either direction, 
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to the right or left, the position of the eccentric is varied to such 
an extent that drive is transmitted from the sleeve gears either 
through a gear for operating the rack-and-pinion sliding mechanism 
or through another gear to the cross sliding motion. The screw- 
cutting motion is engaged by moving two half-nuts in a vertical 
slide through the medium of a hand lever. [Machinery (London), 
vol. 23, nos. 585 and 590, Dec. 13, 1923 and Jan. 17, 1924, pp. 
348-349 and 511-512, 4 figs., d] 


The Whirling of Shafts 


THE paper here abstracted is an attempt to explain the phe- 
nomenon of whirling by proving that it is essentially a case of vi- 
bration and obeys the laws of vibration, especially those relating 
to the phase change between the disturbing force and the resulting 
displacement. 

In this connection the authors point out that the critical speed 
which is the speed above which the system tends to rotate about its 
center of mass, is also the number of oscillations per second at whic! 
the shaft would vibrate if plucked like a violin string. The authors 
claim that this gives the clue to the correct explanation of the facts 
of whirling. For imagine the above shaft not to revolve but to 
be subjected to a periodic disturbing force of gradually increasing 
frequency. At frequencies much below the natural frequency o! 
the shaft, these disturbing forces would produce little effect: 
this would be so until the frequency of the disturbing force near] 
equaled that of the system composed of the shaft and its attached 
mass. When the two frequencies were equal, the amplitude of the 
motion of the mass M would increase until, if there were no fric- 
tion, sufficient energy at that frequency would ve stored up to break 
the shaft, or otherwise until the resulting friction absorbed all the 
available energy. 

If, however, the frequency of the disturbing force were still 
further increased, the amplitude would gradually decrease until, 
when the force had a frequency many times that of the shaft, the 
latter would again be practically at rest. 

This description leaves out of account some other facts, such «s 
change of phase between the disturbing force and the motion pro- 
duced, which the authors proceed to discuss. 

While acknowledging that the critical speed of whirling is usually 
calculated by the same expressions as those which give the natural 
time of vibration, it is maintained that the identity of the two 
phenomena is not sufficiently recognized. To prove this, the case 
of the spring-controlled governor is cited, which, according to tlie 
ordinary treatment of whirling, i.e., equating the centrifugal and 
the elastic restoring forces, should come in again before a certain 
speed. 

The authors have made certain experiments with a view (0 
verifying the theories put forth, and these are described in the 
original article. Among other things they discuss the possille 
critical condition which occurs when a shaft is rotating at 71 per 
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cent of the true whirling speed, but claim that their experiments 
show that no such additional critical speed exists. They believe 
that the reason for this is that resonance can only occur if there is a 
disturbing force acting at right angles to the restoring force, and this 
is only the case at the speed for true whirling. At all other speeds, 
including that particularly under discussion, the line of action has 
a fixed and different orientation to the disturbing force, appropriate 
to the speed, and it is only at the true speed of whirling that this 
angle has a value of 90 deg. and consequently only at this speed 
that the conditions are critical. 

A bibliography of the subject is appended to the original paper. 
(Julius Frith and F. Buckingham in The Journal of The Institution 
of Electrical Engineers, vol. 62, no. 325, January, 1924, pp. 107-113, 
s figs., el) 


POWER-PLANT ENGINEERING 


The Hickman Air Separator 


DescrIPTION of a device 
for the mechanical separa- 
tion of entrained air from 
feedwater in steel plants, 
developed by the Hickman 
\ir Separator Company, of 
San Francisco, Cal. 

Referring to Fig. 5, the 
water entering the separator 
at the bottom passes at line 
velocity through a series of 
spiral deflectors which im- 
part to it a centrifugal 
motion. In this condition 
of whirl it strikes an in- 
verted conical baffle along 
the surface of which the 
bubbles rise to the air space 
above, where they are 
vented to the atmosphere, 
the water meanwhile pass- 
ing down around the outside 
of the entering pipe and out 
of the feed line. 

On July 14, 1923, a test 
was made at sea on the sep- 
arator installed on the 
steamer Maui. The air 
vent was connected to a 
copper coil arranged for 
water cooling, and with the 
coil vented into an inverted 
graduated bottle the mouth 
of which was submerged. 
The following interesting 
results were obtained: 
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Time, start of test R 3.08 p.m. 
cc ll” er. rrr rr rer 11.08 p.m. 
Duration of test, hr A PET Or ee s 
Hourly amount of feedwater, lb., total 128,700 
Raw water, make-up feed, Ib. per hr............. nee 1,250 
Temperature of hotwell, deg. fahr..............-..-- 125 
Temperature of feedwater, deg. fahr. id daa. cm ate 238 
Hourly volume of air separated, cu. in...........-... 100 


The vented air displaced the water in the graduated bottle in a 
continuous stream of bubbles. 

It is said that a number of such separators have been installed 
on various American ships, representing more than 75,000 hp. in 
boiler capacity. (Western Machinery World, vol. 15, no. 1, Jan., 
1924, p. 42, 1 fig., d) 


High-Pressure Steam in Germany 


Tue Verein deutscher Ingenieure recently devoted a special 
session to the discussion of the subject of high-pressure steam, by 
Which term is meant steam at a pressure in excess of 50 atmos. 
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Some of the papers and discussions presented were published in 
the last issue of their journal for 1923, from which the following 
data are abstracted. 

One of the important papers dealt with the present status of 
high-pressure steam in power-plant operation in various countries. 
The most interesting part of this paper to American engineers is 
that dealing with the use of high-pressure steam in Germany. 

Contrary to the somewhat general impression prevailing in this 
country, it would appear that the Germans are proceeding in this 
matter in a very cautious and leisurely manner. Up to a very 
recent date 32 atmos. boiler pressure seemed to have been to all 
practical purposes the limit of commercial operation, and, for 
example, it was this pressure that was adopted by the Bavarian 
Dye Works in their recent installation. It was only quite recently 
that the Borsig Locomotive Co. at Berlin-Tegel risked the instal- 
lation of a 60-atmos. pressure boiler [superheat of 430 to 450 deg. 
cent. (774 to 810 deg. fahr.)]. This is built under the Schmidt 
patents. The boiler is of the inclined-tube type as shown in Fig. 6 
and the drums are made in one piece by welding. The use of such 
an element in construction would permit raising the operating pres- 
sure to as high as 100 atmos. Because of the great wall thickness 
of the drums, it is necessary to protect them in the first pass against 
the direct action of the hot gases. This is done in the present case 
by placing a non-conducting wall in front of the upper drum in 
such a way as to make the installation of the tubes easily possible. 

Because of the use of this heat insulation, the walls of the steam 
drum cannot exceed the saturation temperature of the steam, or 
275 deg. cent. (527 deg. fahr.). Such a temperature is not danger- 
ous from an operating point of view, provided heat stresses are 
avoided by the use of a proper design. 

As a matter of fact the first Schmidt boiler built for a pressure 
of 60 atmos. was in actual service for close to 15,000 hr. and tests 
have shown that the strength of the material was barely affected, 
which proves baseless the objection that the material would be 
rapidly weakened by the temperatures encountered in high-pressure 
steam generation. In this connection it is of interest to point out 
that the boiler materials were tested not only at room temperatures 
but also at 265 deg. cent. (509 deg. fahr.), which is approximately 
the temperature they are exposed to under steam pressure. It 
was found that at this temperature the tensile strength was improved 
but the elongation reduced. 

The heads of the drums in the boiler under consideration were 
welded to the shells. Notwithstanding, however, the great care 
exercised in welding, there is a material reduction of strength of 
the joint at the high temperatures, so that in the future it will 
be necessary to avoid the use of welded drums, unless, of course, a 
way is found to produce welded joints that are not weakened by 
high temperatures. 

It is significant that as a result of observations on the operation 
of the Schmidt boiler, the dimensions of the drums in the new 
Borsig boiler were reduced. The author believes that the diameter 
of 800 mm. (32 in.) for such drums is justified. The superheater in 
the Borsig boiler, like that in the original Schmidt experimental 
boiler, is arranged in two stages. It is located in the flue-gas 
zone of low temperature and is therefore not endangered, ever 
with the high superheat temperatures used. In the stage first 
exposed to the gases the superheater is arranged in direct-counter- 
current manner, so that the hottest gases do not impinge on the 
hottest of the superheater coils. In order to obtain sufficient 
heat transmission, however, great attention was paid to the reg- 
ulation of velocity and proper baffling of the gases. 

As is evident from Fig. 6, considerable attention was given to 
the subject of water circulation in the boiler. There can be two 
water circuits—one in the front part of the boiler by itself, and then 
again through the second nest of tubes. The steam is taken through 
a water separator from the second upper drum in which the water 
level is only little affected because of the comparatively small 
amount of steam generated. 

Back of the high-pressure boiler there is installed for purposes 
of feed-water preheating a low-pressure boiler operating at 2 atmos. 
pressure, one purpose of which is to reduce the temperature of the 
flue gases as much as possible and also to avoid the difficulties 
encountered with soft steel or wrought-iron flue-gas economizers. 
The low-pressure steam developed is used for heating purposes. 
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Fic. 6 Tue 60-ArmMos. PressurE BorsiG-ScumMipt BoILeER WITH SUPERHEATER AND 2-AtTMos. LoW-PRESSURE BOILER 
(Stederohre 60/52 = Tubes 60/52 mm. diameter; Lichte Kesselbreite = Width inside boiler.) 


The output of the boiler under regular operation is estimated at 
about 7000 kg. (15,400 lb.) per hr. The evaporation per unit area 
of heating surface has been chosen at a comparatively low figure 
in order to make the water content of the boiler fairly large. 
This latter is in fact 16 cu. m. (565 cu. ft.), corresponding to 12,225 
kg. (26,950 lb.) of hot water. In the Borsig installation the fre- 
quent corrosion troubles encountered where soft-steel flue-gas 
economizers are used, have been obviated by the installation of a 
low-pressure boiler. It is stated, however, that cast-iron econo- 
mizers may also be used with high-pressure steam boilers. (O. H. 
Hartmann in Zeitschrift des Vereines deutscher Ingenieure, vol. 67, 
no. 52, Dec. 29, 1923, pp. 1145-1152, 9 figs., dg) 


RAILROAD ENGINEERING 
Locomotive Orders and Types in 1923 


SraristicaL data covering both domestic and export business. 
The most interesting feature is that of dealing with the tendencies 
in design. 

For freight traffic the 2-8-2 continues to be the general standard, 
with a tendency on many roads to a more extended installation 
of heavier models. On a few roads, which handle a considerable 
amount of drag freight, the 2-8-0 type in heavy models is still 
favored. The adoption of the Pennsylvania of the 2-10-0 type 
for heavy freight service is one of the most striking features in recent 
locomotive design. A number of trunk lines on which heavy 
grades are encountered on certain divisions, have placed during 
the past two years large orders for locomotives of the 2-10-2 type. 
While many of the roads using this type are in the West, the largest 
order to 1923 was that of the Baltimore & Ohio for 75 of the heaviest 
design yet built. 

The Mallet type is not as generally favored as formerly. In 1922 
there were orders for only 116 articulated locomotives and only 
four orders of any size. In 1923 the total number fell to 53, all 
but two of which were for only four roads. None of the roads 
ordering in 1923 were the same as those which ordered in 1922. 


For passenger-train service the 4-6-2 continues to be far the 
most-used type. Many of those ordered exceeded 300,000 Ib. in 
weight. A large number of orders for the 4-8-2 type have been 
placed during the past two years and the list of roads now using 
this type includes most of the larger systems and many smaller 
ones. The 4-8-2 type is not only employed where long and heavy 
passenger trains have to be hauled in territory where the grades 
are an important factor, but are finding an increasing field of use- 
fulness particularly in the East, where a number of roads are using 
them for handling fast-freight traffic. The 4-6-0 type has again 
been brought into prominence by the Pennsylvania, this road 
having built 40 of an unusually heavy and modern design for branch 
lines and places where a much heavier 4-6-2 type was not required. 
Other important roads, while not ordering new locomotives of 
this type are remodeling older equipment and adding such feature: 
as superheaters, outside valve gear, and other devices not applied 
when the locomotives were built. One striking feature of the 
locomotive orders for the past two years is the practical disap- 
pearance of the 4-4-0 and the 4-4-2 types, which not so many years 
ago were common standards. 

Attention is called to the reintroduction during the past year of 
the three-cylinder locomotive. This type is not a pioneer develop- 
ment, as it was tried out many years ago in England and also in this 
country but was gradually abandoned here. Two locomotive- 
of this type are now in operation on American roads and the result= 
appear to be quite promising. (Railway Mechanical Engineer, 
vol. 98, no. 2, Feb., 1924, pp. 76-79, sg) 


Tests on New Electric Passenger and Freight Locomotives 


Description of tests carried out at the Erie Works of the Genera! 
Electric Company on two electric locomotives. These tests wer 
in the nature of a public demonstration and were made on about 
4'/, miles of track forming a portion of the Eastern Division of the 
East Erie Commercial Railroad. 

The passenger locomotive was built for the Paris-Orleans Rail- 
road in France and was guaranteed to operate successfully in 
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regular service at speeds up to 81 m.p.h., but during the test run a 
sustained speed of 105 m.p.h. was reached, and even at this speed 
the locomotive was said to have shown remarkably easy riding 
qualities. 

The features of design which make it possible to run this loco- 
motive at such high speeds are, (1) a gearless motor, and (2) a 
special construction of the leading and trailing trucks. The gear- 
less-motor drive, which is of the bipolar type, removes the restric- 
tions as to permissible armature speed which sometimes limit the 
safe speed of a locomotive. To do this in the motor described the 
armature and fields are allowed a vertical movement entirely in- 
dependent of each other. 

An important feature of the truck design is the type of centering 
device. The weight of the outer end of the cab is carried on two 
rollers which rest on inclined planes attached to the truck near the 
drawbar. Any lateral motion of the truck causes one or the other 
of these rollers to move up the corresponding inclined surface, 
thus lifting the weight of the cab and transferring this weight to 
the rail against which pressure is being exerted. As the roller 
returns to its normal position, the cab quickly comes to rest at the 
center point and the design thus avoids the tendency to oscillation, 
which in many types of locomotives limits the maximum speed 
attainable. Numerous tests have demonstrated that any ten- 
dency toward periodic oscillation is immediately damped out by the 
action of this device. 

The freight locomotive (150-ton) tested at about the same time 
is of the geared type and was built for the Mexican Railway Co., 
Ltd. Its particular feature of interest is the high capacity per 
init obtained by using three two-axle trucks under each cab. 
rhese locomotives have a total one-hour blown rating of 2736 hp. 

nd a corresponding tractive effort of 54,000 Ib. at 19 m.p.h. 
Owing to the distribution obtained by using six axles with two 
driving motors on each truck, the moderate weight of 50,000 Ib. 
per axle is secured. Two of these units operating in multiple, 
is will be required in the freight service of the Mexican Railway, 
vill give the equivalent of a 5040-hp. locomotive having a con- 
tinuous tractive effort of 97,000 Ib. at 19.5 m.p.h. 

Interesting regenerative braking tests were made. For these 
tests a steam engine and the Mexican electric locomotive were 
coupled together and started from the west end of the track. The 
first run was made at 8.7 m.p.h., regenerating approximately 810 
kw. The calculated drawbar pull on this trip was 57,640 lb. The 
first operating position on the electric locomotive was used placing 
all motors in series, while on the steam locomotive the booster 
engine was continuously in operation. On the second run the train 
was allowed to reach a speed of about 15 m.p.h. before regenerative 
breaking was applied. A speed of 15.5 m.p.h. was then maintained 
by regenerative-braking control, sending back approximately 1080 
kw. to the substation. The drawbar pull calculated for this run was 
43,440 lb. On the third run the speed held by the electric locomo- 
tive with the motors in parallel was 23.6 m.p.h. The amount of 
power regenerated was 1620 kw. and the calculated drawbar pull 
10,450 Ib. 

In order to obtain a comparative test of the relative merits of 
geared drive as used on the electric locomotives and the coupled 
side-rod construction used for the steam locomotive, a tug-of-war 
contest was staged, using a Mikado steam locomotive. The total 
weight of this engine on the drivers, including the booster, at the 
time of the tests was 309,300 lb. as compared to a scale weight of 
309,650 Ib. for the Mexican locomotive. The two locomotives 
were therefore approximately on an equal basis as regards weight 
on the driving axles. The test was first started from a standstill, 
power being applied to both engines at a given signal. The electric 
locomotive had no difficulty in holding the steam locomotive and 
then pulling it backward. Other tests were made during which 
the steam locomotive was allowed to reach a low speed, and even 
With this advantage the electric had no difficulty in stopping and 
hauling the steam engine backward. Favorable comments were 
made on the effectiveness of the equalization of the electric-loco- 
motive running gear which permitted the use of a tractive coefficient 
as high as 30 per cent when moving without slipping the wheels. 
In all of these tests the rails were well sanded before trial. From 
readings taken of the current used by the electric locomotive the 
drawbar pull exerted was calculated as follows: 
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Balanced drawbar pull at standstill............ 
Electric locomotive hauling Mikado backward 


cine aioe 86,000 Ib. 
. .94,000 Ib. 


In addition otheographic records were made of the steam loco- 
motive operating at several speeds. (W. D. Bearce in General 
Electric Review, vol. 27, no. 2, Feb., 1924, pp. 98-103, 10 figs., ¢ 


The Possibilities of a Diesel Locomotive 


In piscussinG the skeptical attitude of the majority of railroad 
men toward the question of the steam locomotive being displaced 
by one of the internal-combustion engine type, the writer of the 
editorial here abstracted claims that conservatism may be carried 
too far, and that, notwithstanding its obvious merits, the steam 
locomotive has certain very material defects. 

Probably comparatively few railroad men realize the strides 
made during the last decade in the development of the internal- 
combustion engine of the heavy-oil type to which the name Diesel 
is usually attached. The thermal efficiency of such engines is high; 
they can be operated continuously for long periods of time; their 
stand-by losses are insignificant. As arguments against their widely 
extended adoption it must be recognized that they are frequently 
heavy, bulky, complicated, and of relatively high initial cost. 
They also possess certain characteristics which make their appli- 
cation to locomotive service far from an easy problem. Probably 
the most difficult of these problems is that of transmission, particu- 
larly in the larger units, and associated with this is that of starting 
under heavy load. Weight has often been a reason for not using 
Diesel engines in the past, but this objection has been largely 
overcome in the development of a high-speed engine for use in 
submarines. Without the Diesel, the submarine would not be 
the practical and effective device it is. 

Engineers, both here and in Europe, are working hard on the 
problem of the Diesel locomotive. The limitations and require- 
ments are better understood today than they ever were before, 
and this makes possible an intelligent handling of the issue. With 
suitable encouragement, the next few years should show rapid 
progress in the development of engines and transmissions for prac- 
tical thermo locomotives for at least some American railroad traffic 
conditions. (Editorial in Railway Mechanical Engineer, vol. 98, 
no. 2, Feb. 1924, p. 70, g) 


Railroad Buffer Springs 


THE increasing weight of the rolling stock makes it necessary 
to employ shock-absorbing devices of correspondingly increased 
ability. From this point of view the circular spring developed 
by the Uerdingen Car Shops may be of interest. 

As appears from Fig. 7, this spring consists of unsplit inner and 
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outer rings having wedge-shaped surfaces in contact with each other 
in such a manner that when subjected to an axial pressure the outer 
rings undergo an extension outward and the inner rings a com- 
pression inward. Because of this deformation the rings draw 
closer together, which means that the spring acts in the axial di- 
rection. It is essential, however, that during the motion of the 
rings with respect to each other there should be friction between 
their surfaces, as this produces an essential increase in the force 
of springing and at the same time effectively brakes the recoil 
of the springs. The article proceeds to give an extensive calcula- 
tion of this type of spring which is not suitable for abstracting. 
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It is stated that springs have already been manufactured for the 
Central Railroad Administration in Germany with a carrying ca- 
pacity of 50 tons, and even this may be considerably increased 
by the employment of certain auxiliary devices described in the 
original article. Fig. 8 shows how this type of spring may be ap- 
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Fic. 10 Friction AREAS IN CONTACT IN THE RING SPRING SHOWN IN 


Fie. 9 

plied in a railroad buffer. The main spring is in series with a small 
precompression spring used in order to facilitate the starting of 
a train. Figs. 9 and 10 show a modification of the spring shown in 
Fig. 7, together with a diagram of friction surfaces in contact with 
this modified spring. These two figures have not yet been pub- 
lished elsewhere and have been obtained through the courtesy of 
Oscar R. Wikander, a member of The American Society of Mechan- 
ical Engineers. (Ernst Kreissig in Verkehrstechnische Woche, Sept. 
21, 1922, 0) 


SPECIAL MACHINERY 
A Dynamic Balancing Machine 


Description of a machine developed by the Peerless Pump Co. 
for use as a balancing machine. It is claimed that this machine 
registers in thousandths of an inch variation in actual running 
speeds from previous still balance of revolving units for turbine 
centrifugal well pumps. 

The machine illustrated in the original article consists of a 
vertical spindle connected by universal joint to a 2-hp. motor which 
is mounted on an angle bracket. The only other bearing on the 
spindle in addition to this usual coupling is a radial ball bearing 
which supports the upper end of the shaft while gaining the de- 
sired speed. But this bearing is lowered by means of a hand lever 
as soon as the desired operating speed is obtained, giving the spindle 
about '/s in. clearance to vibrate at will during the test. Deflections 
are registered by means of a Starrett Tool Co. deflector indicator, 
the middle of which rests against the spindle, mechanically regis- 
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tering the amount of vibration on a dial. 
World, vol. 15, no. 2, Feb., 1924, p. 55, 2 figs., d) 


(Western Machinery 


TESTING AND MEASUREMENTS 
A Constant-Pressure Bomb 


Tuts report describes a new optical method of unusual simplicity 
and good accuracy which is suitable to the study of the kinetics 
of explosive gaseous reactions. It deals with a part of an investi- 
gation of the rates of explosive gaseous reactions being carried out 
at the Bureau of Standards at the request and with the support 
of the National Advisory Committee for Aeronautics. 

The device is the complement of the spherical bomb of constant 
volume, and extends the applicability of the relationship pe = nRT 
for gaseous equilibrium conditions to the use of both of the factors p 
and v. 

The method substitutes for the mechanical complications of a 
manometer placed at some distance from the seat of reaction 
the possibility of allowing the radiant effects of the reaction to 
record themselves directly upon a sensitive film. 

It is possible the device may be of use in the study of the photo- 
electric effects of radiation. 

The method makes possible a greater precision in the measure- 
ment of normal flame velocities than was previously possible. 

An application of the method in the investigation of the relation- 
ship between flame velocity and the concentration of the reacting 
components, for the simple reaction 2CO + O, = 2CO:, shows 
that the equation k = ee 


Here 
( “col 0) 


is the rate at which the flame advances in the stationary stage or 
the flame velocity relative to the reacting components, whil 
Ceo and C., are their partial pressures. Furthermore, the ve- 
locity factor k is found to be remarkably constant for this reaction 
over the entire range of mixture ratios. Values of k as function: 
of the percentage of CO in O, + CO as well as values of the de- 
nominator in the above equation are given in a table in the origina! 
paper. The paper also gives mathematical expressions for tl: 
pressure drop between two sides of the flame surfaces as well as th 
pressure inside the flame surface while combustion is in progres- 

An approximate analysis shows that the increase of pressure and 
density ahead of the flame is negligible until the velocity of th: 
flame approaches that of sound. (F. W. Stevens, in Nationa 
Advisory Committee for Aeronutics, Report No. 176, 1923, 5 
pp., 2 figs., d) 


describes the reaction. 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as c comparative: 
d descriptive; e experimental; g general; A historical; m mathe- 
matical; p practical; s statistical; t theoretical. Articles of especia! 
merit are rated A by the reviewer. Opinions expressed are thos: 
of the reviewer, not of the Society. 


Glycerine-Water Solutions as Quenching Media 


In connection with the series of investigations recently made ly 
the American Bureau of Standards on steels used in the manufa:c- 
ture of precision gages, an effort has been made to find a quenching 
medium intermediate between oil and water. Some little time 
ago, quenching curves were taken of specimens cooled in water sol.- 
tions of glycerine. Such solutions fill the gap effectively, so far 
as the cooling rates at high temperatures are concerned. On tlie 
other hand, glycerine and its water solutions cool distinctly faster 
in the lower temperature ranges than quenching oil. This appears 
to be a desirable property. As a commercial quenching medium, 
glycerine or its water solutions should not be unduly expensive, 
for although the first cost is high, glycerine does not decompose to 
any great extent on heating, as is the case with oils. The composi- 
tion of glycerine-water solutions may be easily maintained by 
hydrometer tests. The solutions do not give off irritating fumes, 


are harmless to the worker, and possess other desirable advantages. 
(The Engineer, vol. 137, no. 3554, Feb. 8, 1924, p. 147.) 
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Forces Acting on Ball-Bearing and Roller-Bearing 
Connecting Rods 


To THe Eprror: 

A study of the forces acting on the friction surfaces of a ball- 
bearing or roller-bearing connecting rod shows clearly why balls 
or rollers used in this capacity are subject to excessive wear. Ex- 
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Fic. 1 Forces ActTinG oN BALL-BEARING AND ROLLER-BEARING 
CONNECTING Rops 


periments conducted in this country and Europe on ball- and roller- 
bearing connecting rods have met with varying success, but there 
are few instances in which manufacturers standardize on this use 
of ball or roller bearings. The following analysis discusses the 
forces acting on the ball or roller during one revolution of the 
crankshaft. 

teferring to Fig. 1, the sectional views show the crankshaft 
revolving clockwise or opposite to the numbering of the quadrants. 
As the crankshaft revolves the crankpin, being a fixed member, ro- 
tates, while the connecting-rod strap oscillates. In quadrant 1 
this rotation of the pin and oscillation of the strap are in opposite 
directions and tend to impart a rolling motion to the ball as is shown 
in the enlarged sectional view. But the crankpin rotates at a 


greater rate of speed than the strap oscillates, with the result that 
the ball will slip rather than roll. It will wear out of round quickly 
and the excessive friction will cause heating. However, there is 
one case in which the ball will roll freely. If the ball race on the 
strap is exactly twice the diameter of the ball race on the pin the 
speed of the strap and the pin will be the same, and since their 
directions of motion are opposed, the ball will roll freely. This is 
not a very practical situation, though, because it involves using 
extra large bells or rollers. 

The effect of slippage in this quadrant is magnified by the thrust 
of the connecting rod during the power stroke. The contact sur- 
faces are pressed hard against the balls with the result that the 
friction caused by slippage will be intensified. 

With the exception of the connecting-rod thrust the same forces 
act on the ball while the crankpin is in quadrant 2. As will be seen 
from Fig. 1, the direction of rotation of the pin is the same in all 
quadrants and the strap oscillates in the same direction in both 
quadrants 1 and 2. 

In quadrants 3 and 4 the direction of oscillation of the strap is 
changed. The sectional views show how the strap tends to rotate 
the ball clockwise while the pin sets up a counterclockwise force. 
Free rolling is prevented and slippage will result. Excessive heat 
will be generated and the ball will soon wear out of round. In 
quadrant 4 the thrust of the connecting rod adds to the intensity 
of the friction. 

There is no point in the complete cycle where the forces acting 
on the balls or rollers are normal. In one test with ball-bearing 
toggles on air drills the writer saw a set of balls that were worn 
almost square. It is probable that balls or rollers can be manu- 
factured which will stand up, but the forces described above cannot 
be changed. The result is that the friction surfaces of the crank- 
pin and the strap will quickly deteriorate and excessive heating 
will still take place. 

N. K. Stitt, 

Cleveland, Ohio. 


Regarding the Engineering Societies Library 
Lending Service 


To THE Eprror. 

The lending plan adopted by the Engineering Societies Library 
Board will, in a measure, make the Library of Service to members who 
do not have the opportunity of visiting New York. It is a step in 
the right direction and one that I have advocated for several years. 

The proposed rental fee seems unusual, but may be justified by 
circumstances. I believe that the primary purpose should be to 
enable members to determine by personal examination whether a 
book meets their needs. If it does they can purchase a copy or 
have photostats made of the important parts. Such an inspection 
should take only a short time, and in order to insure the prompt 
return of books to the Library I would suggest a sliding scale of 
charges instead of a flat rate: Also there should be no charge for, 
say, the first week, with an additional allowance for time of transit. 
At present the photostat service is of little use to many members 
because they cannot determine in advance the value of a reference; 
furthermore the cost is considerable, so that after a few disappoint- 
ments one is chary about ordering blindly. 

I hope, however, that this is only a beginning and that the service 
will soon be extended to include foreign-language books. Books 
of American publishers are usually available in most libraries 
and, if not, may be obtained from the Library of Congress with 
little difficulty and without a rental fee. Moreover, publishers 
are usually glad to send copies of their books for examination, so 
that their value may be determined in advance of purchase. For- 
eign books are not so accessible. I am quite sure that the larger 
percentage of the members of the four national societies do not live 
in the New York metropolitan district or find it convenient to go 
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to the Library; therefore, if the Library is to be of greatest service 
its books, no matter in what language, should be made available, 
under proper safeguards, to any member, no matter where he may 
live. I am aware that this raises the question of duplicate copies, 
but I am not yet convinced that the member who happens to be 
fortunate enough to personally go to the Library has any right to 
expect that a particular book shall be kept there for his possible 
call, resulting in the denial of a specific request for a book by some 
one not so situated. Personally, I should not feel that an in- 
justice had been done if, on the few occasions I have the oppor- 
tunity of visiting the Library, I should find that the book I wished 
to consult had been sent to a distant member, provided I knew 
that it would be returned to the Library promptly and that it would 
then be sent to me under the same conditions. 

This question concerns many of us, and I should be glad to know 
what the Library Board’s reasons are for the restrictions they have 
imposed. 

F. G. HEcHLER. 

State College, Pa. 


To THE Eprror: 

When I saw the announcement of the establishment of a lending 
service by the Engineering Societies Library, I was delighted. 
But my joy was short-lived, as I discovered upon reading the 
announcement that the service was applicable only to those technical 
books which are already accessible to nearly everybody. 

Perhaps the Library Board has good reasons for confining the 
service to the books which it specifies in its announcement, but what 
they are I.am unable to divine. Certainly it would seem that the 
only equitable arrangement would be to extend the service to all the 
books, periodicals, and transactions of societies, except frequently 
used books of reference and current periodicals. 

Such a solution of the problem would be a great boon to those 
members of the associated societies who, like myself, get to New 
York about once every ten years, or less frequently. On the other 
hand, the plan adopted will be of insignificant advantage to mem- 
bers engaged in serious research outside of New York City. 

In my judgment, to make completely available to all the mem- 
bers of the associated societies the great technical resources of the 
Engineering Societies Library would be a tremendous incentive to 
engineering research throughout the country. I ardently hope, 
therefore, that it will be done. 

; W. H. Rascue. 

Blacksburg, Va. 


To THE Epiror: 

The new lending service on the Engineering Societies’ Library 
should prove a valuable asset to all members of the constituent 
societies, but its real worth will be to those in remote districts. 
There are probably no professional men whose problems are of so 
general a nature and who require such specialized technical data. 
The maintaining of private libraries complete enough to serve all 
purposes is impossible; new editions of old books are constantly ap- 
pearing, new books on specialized subjects are being rapidly pub- 
lished. Their only recourse, therefore, is to some library ser- 
vice which can systematically keep pace’ with these rapid 
changes. 

The college and university libraries have been helpful to those 
members who are affiliated with, or near them. Unfortunately, 
however, too few engineers have ready access to these sources. 
In many cases, too, the number of technical books in such libraries 
is not large, and more and more difficulty is being experienced in 
keeping the collections up to date. 

With the facilities and means at their disposal the engineering 
societies should be able to maintain as complete a technical library as 
can be found. With the privilege of access to this information and 
with the further privilege of buying, at publishers’ prices, the books 
which seem upon inspection to be particularly fitted to their 
needs, engineers should find this lending service of great help, 
and they should endeavor to make it a permanent part of the 
Library’s plan. 

J. P. CALDERWOOD. 

Manhattan, Kan. 
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A.S.M.E. Boiler Code Committee Work 





THE Boiler Code Committee meets monthly for the purpose of considering 

communications relative to the Boiler Code. Any one desiring infor- 
mation as to the application of the Code is requested to communicale with 
the Secretary of the Committee, Mr. C. W. Obert, 29 West 39th St., New 
York, N. Y. 


The procedure of the Committee in handling the cases is as 
follows: All inquiries must be in written form before they are ac- 
cepted for consideration. Copies are sent by the Secretary of 
the Committee to all of the members of the Committee. The 
interpretation, in the form of a reply, is then prepared by the Com- 
mittee and passed upon at a regular meeting of the Committee. 
This interpretation is later submitted to the Council of the Society, 
for approval, after which it is issued to the inquirer and simultan- 
eously published in MrecHAnicaL ENGINEERING. 

Below are given the interpretation of the Committee in Case 
No. 411 (reopened), as formulated at the meeting of January 10, 
1924, and approved by the Council. In accordance with the 
established practice of the Committee, the names of inquirers have 
been omitted. 


Case No. 411 (Reopened) 


Inquiry: Par. 212c, which permitted increasing the pitch of stay- 
belts on cylindrical surfaces over that required for flat plates, 
had, about two years ago, been held in abeyance pending the re- 
vision of the Boiler Code, but nothing has been left in its place. 
In view of this, what rules should be followed pending the publica- 
tion of the revised Code? 

Reply: It has been proposed to revise Par. 212¢ as follows, divid- 
ing it into items ¢ and d, and the Committee recommends to the 
state inspectors that these rules be followed in place of the rules 
now given in Par. 212c of the Code: 

ec A furnace for a vertical fire-tube boiler, 38 in. or less in out- 
side diameter, which requires staying, shall have the furnace sheet 
supported by one row of staybolts, or more, the circumferential 
pitch not to exceed 1.05 times that given by the formula in Par. 199, 

The longitudinal pitch between the staybolts, or between the 
nearest row of staybolts and the row of rivets at the joints between 
the furnace sheet and the tube sheet or the furnace sheet and mud 
ring, shall not exceed that given by the following formula: 

(220 X T?)? 
~- xR) 
where 


L = longitudinal pitch of staybolts, in. 

T = thickness of furnace sheet in sixteenths of an inch 

P = maximum allowable working pressure in Ib. per sq. in 
R = outside radius of furnace, in. 


except when this value is less than the circumferential pitch, in which 
case the longitudinal pitch may be as great as the allowable cir- 
cumferential pitch. 

The stress per square inch in the staybolts shall not exceed 7500 
lb. and shall be determined in the way specified in section d. 

d In furnaces over 38 in. in outside diameter and combustion 
chambers not covered by special rules in this Code, which have 
curved sheets subject to external pressure, that is, pressure on the 
convex side, both the circumferential and longitudinal pitches of 
the staybolts shall not exceed 1.05 times that given by the formula 
in Par. 199, 

The stress per square inch in staybolts shall not exceed 7500 lb., 
based on a total stress obtained by multiplying the product of the 
circumferential and longitudinal pitches by the maximum allowable 
working pressure. 


Addenda to Code 


HE Boiler Code Committee has for several years had under 
consideration the formulation of rules to cover the strength 
of shells or drums pierced with any number of holes placed along 
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a longitudinal line without reinforcement. Asa result of its studies 
the following rules are presented. Criticism and comment thereon 
from anyone interested in this subject are invited. Discussions 
should be mailed to C. W. Obert, Secretary of the Boiler Code 
Committee, 29 West 39th Street, New York, N. Y., in order that 
they may be presented to the Boiler Code Committee for con- 
sideration. It is the purpose of the Committee to present the 
rules finally agreed on to the Council of the Society for approval 
as an addition to the Boiler Code. A set of curves for determining 
the strength of the diagonal ligaments similar to that given on the 
folder between pages 48 and 49 of the 1918 edition of the Code, but 
extending over a larger field, will be published with the rules. 


{ULES FOR DevTeRMINING Erriciency or Drum SHEET FOR ANY 
Serres OF Hotes Toat May Be PL tacep LonairupINALLy 
Wirnovut REINFORCEMENT 

| Where the tubes are arranged in groups along lines parallel 
to the axis and the same spacing is used for each group, and the 
length of each group does not exceed the outer diameter of the drum, 
the efficiency of the ligaments for one of the groups as computed 
by the rules shall not be less than the efficiency on which the 
maximum allowable working pressure is based. Where the groups 
of tubes are longer than the outer diameter of the drum, or where 
the tubes are unsymmetrically spaced, the average ligament effi- 
ciency for a length equal to the outer diameter of the drum for the 
position that gives the minimum efficiency shall not be less than the 
efficiency on which the maximum allowable working pressure is 
based. 

2 The ligament efficiency computed between the centers 
of any two adjacent holes shall not be less than one-half the effi- 
ciency on which the maximum allowable working pressure is based. 

3 <Any holes shall be limited in diameter to such with which 
it would be possible to form recesses completely around the hole 
from both sides of the sheet and with a plane surface at the bottom 
of each recess provide thereby a tube seat */s in. in width between 
the two planes which are perpendicular to the axis of the hole and 
which form the bottoms of the recesses. 

t For holes placed longitudinally along a drum but which do 
not come in a straight line the above rules shall hold, except that 
in the case of the diagonal ligaments the equivalent width of a liga- 
ment for equal strength if the holes were in the same straight 
longitudinal line shall be used. To obtain the equivalent width 
the longitudinal pitch of the two holes having a diagonal ligament 
shall be multiplied by the efficiency of the diagonal ligament. 


High Pressure, Reheating and Regener- 
ating for Steam Power Plants 
(Continued from page 183 


creased to values less than 100 per cent the high pressures are 
still less attractive. With coal costing $8 per ton the best pres- 
-ure for base-load conditions would appear to be near 1000 lb. per 
<q. In. 

OPERATING CHARACTERISTICS 


E-xperience with high-pressure equipment and with auxiliary 
apparatus which the use of high-pressure steam appears to involve 
is as yet exceedingly limited. No one is today really in position 
to say positively that the high-pressure equipment now coming 
into use will operate with that smoothness and certainty required 
to justify its use for the sake of the increased thermal efficiency 
obtainable. Under such conditions it would seem to be best to 
use first the simplest types and to progress toward the more com- 
plicated if further experience indicates such progress to be desir- 
able. From such a point of view the simple Rankine cycle would 
be best if it gave sufficient promise of increased efficiency with 
increased pressure. Unfortunately it does not, and it is therefore 
hecessary to consider a more complicated cycle of operation. Our 
present knowledge indicates two choices, that involving regener- 
ative heating only and that involving reheating with or without 
regeneration. Of the two, the regenerative cycle is unquestionably 
the simpler, and in fact it is hardly more complicated than the 
Rankine now in use. 
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SomME PROBABLE DEVELOPMENTS 


Considering all of the factors which enter into the problem, 
it seems to the authors that the high-pressure regenerative plant 
is the most promising for commercial development. It is certainly 
true that the performance here estimated for such a plant can be 
further improved by using a turbine designed to separate and re- 
move water formed during expansion. Some of the designs: now 
available provide for such drainage at the bleeder points to a cer- 
tain extent, but it seems probable that the best results cannot be 
attained unless effective moisture separators are actually built 
into the turbine structure. 

It is essential to note that economizers become of less value with 
the regenerative cycle as the initial steam pressure is increased. 
This naturally follows from the increasing: temperature of feed- 
water leaving the regenerative heaters. The high turbine-room 
efficiency is therefore obtained to a certain extent at the expense 
of boiler-room possibilities. This suggests immediately that air 
heaters be used with such plants in order to conserve waste heat 
not available for use in economizers fed with high-temperature 
water. 

It is obvious that it will be necessary to heat the air in such 
devices to temperatures from 100 to 200 deg. fahr. above nor- 
mal air temperature if full conservation of the waste heat is to 
be made. 

GENERAL CONCLUSIONS 

The studies outlined in this paper, together with others with 
which the authors are familiar, indicate plainly that the improve- 
ment in economic results to be expected from the use of higher 
steam pressures in plants designed to take full advantage of the 
possibilities latent in the use of such pressures are sufliciently 
great to make it appear quite probable that the more progressive 
engineers and executives will construct plants of this character in 
ever-increasing numbers. 

It must be recognized that high-pressure equipment necessarily 
carries high development charges at the present time, and that 
this fact, coupled with uncertainty with respect to the perform- 
ance of equipment of untried types, must to a certain extent retard 
its adoption. It is therefore to be expected that higher pres- 
sures will be adopted first and more frequently in connection 
with plants of the base-load type and in regions in which fuel 
costs are high. 

The authors feel that steam pressures of the order discussed in 
this paper should no longer be regarded as of theoretical interest 
only. Most of the major problems involved in the design and 
arrangement of equipment for utilizing such pressures have been 
solved or are nearing what appear to be satisfactory solutions, 
and it is believed that careful engineers who are thoroughly fam- 
iliar with the peculiar features involved in this sort of work can 
safely install equipment for even the highest pressures here con- 
sidered when the circumstances and conditions of use justify such 
installations. 

Certain of the factors in this paper have been calculated for 
maximum temperatures of both 700 and 800 deg. fahr. The 
authors feel that calculations for 800 deg. fahr. are at the present 
time of minor interest, as they do not believe that materials and 
designs now available may be considered adequately safe for use 
with such temperatures. It is exceedingly difficult to state cate- 
gorically any definite upper limit of temperature, but it is never- 
theless felt that a figure lying between 700 and 750 deg. fahr. 
represents the safest upper limit steam temperature at the present 
time. 

The authors believe that this study indicates even with the 
present type of turbine the regenerative cycle is the best one to 
use in large stations, as it ranks very high from the standpvint of 
fuel consumption, operating characteristics, and first cost through- 
out the entire range of pressures, but particularly so above 600 lb. 
per sq. in. With a turbine which the authors believe can be de- 
veloped so as to remove the moisture to a considerable degree, this 
cycle will give still better economy, and it seems altogether reason- 
able to expect that this equipment in the turbine room, combined 
with that now developed to yield high boiler-room efficiency, will 
give station economy that will pay handsomely for the increased 
investment. 
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The Need for Federal Air Law 


YEN the armistice was signed five 
years ago civil flying in the United 
States was under the control of the Federal 
Government, and privately owned aircraft 
could not be operated without license from 
Washington. Instead of retaining that 
control, however, as similar control was 
retained by the government of nearly 
every other nation in the world, our 
national government relinquished it, and 
left it to states, counties, and munici- 
palities to pass aircraft laws without re- 
straint or guidance. Already the result 
has been the enactment of a perfect flood 
of statutes, ranging from the carefully 
planned, accurately phrased, and stringently enforced laws of a 
few states down to certain ordinances the provisions of which can 
only be described as comic, but which are none the less capable 
of having a paralyzing effect on the operation of aircraft for com- 
merce or pleasure within the territory where they are effective. 

The folly of leaving the regulation of aircraft in the hands of the 
individual commonwealth should have been apparent to any Amer- 
ican who has ever driven an automobile across state lines, or even 
from city to city within a single state, and who has suddenly found 
himself obliged to conform in letter and in spirit to new laws, regu- 
lations, and practices whereof he had known nothing. The ob- 
vious need that now exists for the standardization of traffic rules 
in the cities furnishes a sufficiently powerful object lesson on the 
complexity of the problem with which the aircraft pilot of the 
future may find himself confronted. Flying at quite moderate 
speed an airplane can travel from Portland, Maine, to Washington 
in six hours without a stop, and it will cross nine states and the 
District of Columbia in doing so. If ten distinct sets of laws must 
be learned and complied with before starting such a flight, aerial 
navigation in America will be placedunder a stifling handicap. 

It is not only because of the menace of a conflict of laws, however, 
that federal regulation is desirable. If there were no state laws on 
the subject at all, Congressional action would be even more neces- 
sary than it is now, for if the airplane and the airship are to gain 
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recognition as safe and sane instruments of transportation, operat- 
ing without sensationalism and with the sole object of rendering 
the greatest possible economic service to the community, it is es- 
sential that the pernicious activities of incompetent pilots flying 
unsafe machines should be relentlessly suppressed. The interests 
of the potential passengers in aircraft demand that the reckless 
and unskilled be eliminated from the field. The interests of the 
innocent bystanders on the ground below make the same demand. 
Last, but of no less importance, the interests of those operators of 
airplanes who seek to combine a maximum of safety with a maxi- 
mum of service point in the same direction, for every accident to 
an unfit or improperly operated airplane is an additional obstacle 
placed in the way of those whose machines are kept in perfect 
order and whose pilots are the best that can be found. Capital 
will never be attracted to the operation of aircraft while there 
exists the likelihood of competition from the half-trained pilot who 
buys an obsolescent airplane for two or three hundred dollars and 
operates it without repairs until it literally falls to pieces. Com- 
mercial flying can only be put on a stable footing when some central 
authority has at least a right of supervision over what is done and 
over the manner of its doing. 

In addition to providing protection for the users of aircraft in 
commerce, a Bureau of Aeronauties will serve as a medium for the 
compilation and the exchange of information. In every European 
country there exist accurate and complete official statistics on the 
amount of flying done, its nature, and the number and gravity of 
the accidents that occur. The preparation and publication of 
such data serve alike to stimulate public confidence and to furnish 
a basis for planning the operations of new companies and for the 
establishment of insurance rates. Aircraft insurance can be little 
more than a gamble until statistics of unquestionable authenticity 
on the extent of the hazard are prepared, and until such statistics 
are available the prominence given by the press to sensational 
aircraft mishaps will always lead to gross overestimation of the risk 
of air travel on the part of the general public. 

The creation of a Bureau of Aeronautics would be highly ce- 
sirable even if all flights were to begin and end within our own 
boundaries. When operation becomes international, however, 
the creation of a central control becomes absolutely vital. Under 
the International Air Navigation Convention, ratification of which 
has so far been withheld by this country alone among the principal 
allied and associated powers, states undertake to recognize each 
others’ certificates of registration and license. They also under- 
take, however, to conform to certain general principles in passing 
on the qualifications of pilots and on the safety of aircraft, and so 
long as we have no authority competent to act in accord with those 
general principles we shall be aerial outlaws, and aircraft belonging 
to American citizens will be able to enter Canada and other foreign 
territory only by virtue of international courtesy separately ex- 
tended in each particular case, or as a sequel of the signing of a 
separate treaty with each country with which we may expect to 
have aerial traffic. 

A Bureau of Aeronautics should have been {functioning during 
the past five years. The need for such an organization has grown 
constantly more apparent, and we have penalized ourselves heavily 
by failure to create it, but it is not yet too late. Those who appre- 
ciate the great potentialities of aircraft for commercial transport 
and wish to see them realized should give very careful consideration 
to such measures as the Civil Aeronautics bills recently introduced 
in the House of Representatives by Congressman Winslow and in 
the Senate by Senator Wadsworth. 

Kpwarp P. WaRNeER.! 


The development of aeronautic photographic mapping is shown 
by the fact that Greater New York and surrounding territory, 
comprising approximately 625 square miles, will be completely 
mapped early in April. To accomplish this, 3000 miles were flown 
and 2000 exposures made. Two maps are being prepared, on 
including approximately 400 square miles within the city limits 
and employing a scale of one inch to 600 feet, and the other, covering 
625 square miles, a scale of one inch to 2000 feet. 





! Assoc. Prof. of Aeronautical Engineering, Massachusetts Institute of 
Technology, Cambridge, Mass. Jun. Mem. A.S.M.E. 
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The Registration Laws 


WHEN the results of a recent canvass of engineers are consid- 

ered it is apparent that there is no unanimity of opinion as 
to the advisability of laws relating to the licensing or registration 
of engineers. There is a decided lack of interest on the part of 
engineers affected by the law in the provisions of that law. During 
recent vears the question of registration has been growing in im- 
portance. At the present writing it is known that twenty-three 
states have enacted registration laws, and similar legislation is 
pending in a number of other states. In at least seven states 
legislation proposing registration laws has been defeated partly 
through the efforts of engineers who were opposed to some of 
the provisions of these measures. It appears, therefore, that in 
general there has gradually developed a spirit of resignation to what 
would seem to be the inevitable and a disposition to endeavor to 
influence this legislation so as to secure the most equitable and 
worth-while regulations possible. 

The mechanical engineers in Pennsylvania sent questionnaires 
to as many engineers as possible in that state in an effort to estab- 
lish definitely whether the law now in existence is fundamentally 
good, and if not, what measures, if any, should supplant or amend 
it. The consensus of opinion previously seemed to indicate that the 
law and the administration thereof were unsatisfactory. When it 
was repealed by the state legislature during the last session, the 
governor vetoed the repeal so that the law is still in force, despite the 
fact that one of the state courts has decided that it is unconstitu- 
tional. The concisely worded questionnaire which went to the 
members of over fifty engineering organizations brought almost no 
returns of value, so that the engineers of the state are not prepared 
to make recommendations that would be representative of the 
opinions of the majority of engineers. 

The laws providing for the registration of engineers, surveyors, 
and architects in many other states, notably New York, were 
enacted so recently that the opinion of engineers in these states has 
apparently not crystallized as to the value of the law. In states 
where the law demands registration of state engineering employees 
and employees of large engineering corporations, considerable fault 
has been found with the provisions of the law and it is the almost 
unanimous opinion in these states that certain modifications are 
desirable, while many engineers are to be found in other states 
who are of the opinion that any law of this sort is a hindrance to 
the profession and of no use in protecting the public. All seem 
agreed, however, that there should be a codification of the engineer- 
ug registration laws of the several states so as to secure uniformity 
which will permit engineers to practice under the same conditions 
in all states and so that all states will have the same conditions as 
to reciprocity. 

Perhaps the greatest factor working in this direction is the Council 
of State Boards of Engineering Examiners. This body is composed 
of representatives from most of the states that have registration 
laws, and meets once a year for the purpose of reviewing and stand- 
ardizing the work of the boards and securing the fullest coéperation 
hetween those states where a registration law has been enacted. 
The several state boards recognized the necessity of securing articles 
of agreement on reciprocity and the following states are now working 
under this agreement: Arizona, Colorada, Florida, Indiana, Iowa, 
Louisiana, Michigan, Minnesota, North Carolina, Oregon, South 
Carolina, and West Virginia. 

At the last meeting of the Council of State Boards it was voted 
that registration should be compulsory, that the certificate of regis- 
tration should not necessarily show the branch of engineering, that 
all examinations should be both written and oral, that the fee for 
engineers should be $25 with an annual renewal fee of $5, and that 
no fee should be charged for the issuance of reciprocity. The officers 
of this board, as it is now composed, are G. M. Butler, of Arizona, 
President; George E. Taylor, of West Virginia, Vice-President; 
T. Keith Legare, of South Carolina, Secretary-Treasurer. 

The salient features of most of the laws thus far enacted are 
sul)stantially as follows: 

| To register the practice of engineering, architecture, and land 
surveying and to make such registration applicable to all classes 
of the same. In a few instances structural engineers are speci- 
fically named, but such instances are rare. In general, every en- 
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gineer, architect, or land surveyor is required by the law to obtain 
a license. 

2 Most of the laws-provide that one must register six months 
after the law becomes effective. In some instances twelve months 
is allowed. 

3 In all instances a penalty is specified for non-conformity. 
The general run of the penalties fixed is not less than $100 nor more 
than $500 or from three to six months imprisonment, or both fine 
and imprisonment. 

4 The professional requirements generally specified are six 
years of actual practice with an allowance of two years of the six 
for a college course in engineering. The law grants credit of a year 
for each year of teaching or of study in a school of engineering of a 
standing satisfactory to the Board. 

5 It is usually left to the registration boards whether one shall 
take an examination. In the main the practice has been to grant 
licenses upon the showing of documentary evidence of qualification 
supported by letters of endorsement. 

6 he fees run from $15 to $25, with an annual renewal charge 
of from $1 to $10. In the majority of states the renewal fee is $5. 
Some states require an application fee. 

7 Renewal of license is required annually in all but some six 
states. In one of these the period is five years, in others the period 
is either not specified or the license is good until revoked. 

8 In most instances non-resident engineers are permitted to 
practice thirty days per year without taking out a license. Some 
states allow as much as ninety days per year. The requirements 
for non-resident applicants are usually the same as for resident 
engineers. An engineer legally qualified in his own state to practice 
professional engineering may practice 30 days in Minnesota without 
registering. 

A careful study of the laws indicates that in the main there is a 
striking similarity, 

American Engineering Council, as well as its predecessor En- 
gineering Council, has always taken the stand that it could not 
definitely defend or condemn registration legislation because of some 
differences of opinion held by constituent members. Its interest 
in the past has therefore been centered principally in trying to se- 
cure uniformity in the registration laws throughout the states so 
that they would not be detrimental to the public interest which 
the Council has sought to defend, and so that they would cause the 
minimum amount of trouble to the engineers concerned. 

A. C. OLrpHAntT.! 


Mobilization for the Production of 


War Material 


ECHANICAL engineers who have struggled with the pro- 

- duction of war materials under conditions which left an in- 
delible impress on the mind, cannot but be greatly pleased with 
the progress made by the War Department in perfecting plans for 
industrial mobilization. The Assistant Secretary of War, who is 
charged by the National Defense Act of 1920 with the assurance 
of adequate plans and organization to provide material in time of 
national emergency, has announced that the list of items for war 
material has been completed. He has asked for the codperation 
of industry in putting into effect plans for rapid production. 

The most important problem in rapid production is the provision 
of adequate gages and tools. It is readily apparent that peace- 
time work in producing these requisites is absolutely necessary. 
This in turn involves a settled design if the tremendous expenditure 
for tools is not to be wasted. Further, the manufacturers of war 
material must have concise and definite information about the re- 
quirements of the material and methods of manufacture. 

In this connection, a recent editorial in Engineering (London) 
reviews the experience of the British in getting production on war 
material and makes definite suggestions as follows: 


Industrial 


Should another war of any magnitude unfortunately occur, the strain 
on our mechanical resources is likely to be even greater than during the 
last, and with competent engineering direction the Army Council would 
certainly see the necessity of being prepared with such things as jigs and 
gages for distribution among civilian firms. Another lesson which ought 


1 Ass’t Secretary, Amer. Engr. Council, Washington, D. C. 
A.S.M.E. 


Mem. 
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to have been learnt is the need for adequate instruction to manufacturers 
who are asked to take up the specialized and unfamiliar work of producing 
munitions. A small handbook should be prepared giving in the greatest 
detail the approved methods of manufacture of articles which will be 
wanted in quantity. Such a book would give dimensioned sketches of all 
special chucks, jigs, tools and gages, together with cutting speeds and 
feeds for the whole series of the operations required to produce the finished 
article. It would be issued to firms with whom contracts were placed, 
not as a statement of methods to be compulsorily followed, but as a descrip- 
tion of apparatus and processes which could be relied on to produce the 
specified results. Thus equipped, a works manager could get his shops 
into full production with the least possible delay and without the dreadful 
waste of time and material otherwise involved in experiment to find out the 
best processes of manufacture. The knowledge of these matters which is 
so widely diffused now will be forgotten before the next war, and the same 
difficulty in getting a start on munitions will again be experienced unless 
steps are taken to prevent it. 


Definitions of Terms Relating to Heat-Treatment 
Operations 


OR some time the American Society for Steel Treating has 

had under consideration the setting up of definitions of terms 
relating to heat-treatment operations, and has now made 
public the report of its Sub-Committee on Heat-Treatment De- 
finitions as tentatively approved by its Committee on Recom- 
mended Practice. These definitions, which appear below, have 
been prepared by a committee consisting of R. M. Bird, Chairman; 
Prof. Bradley Stoughton, of Lehigh University; H. J. French, of 
the Bureau of Standards; Sam Tour, of the Doehler Die Casting 
Co.; and B. F. Shepherd, of the Ingersoll-Rand Co., and are sub- 
mitted to the members of the engineering profession and other 
interested individuals for their consideration. Comments thereon 
are solicited and should be addressed to J. Edward Donnellan, 
Secretary to the Recommended Practices Committee, 4600 Pros- 
pect Ave., Cleveland, Ohio. 


DEFINITIONS OF TERMS RELATING TO HeEaAtT-TREATMENT OPERATIONS 
TENTATIVELY APPROVED BY THE RECOMMENDED PRACTICE 
COMMITTEE OF THE AMERICAN SOCIETY FOR STEEL 
TREATING, JANUARY 31, 1924 


Foreword 


During recent years heat treatments have become more and more com- 
plicated and as a result there has arisen certain confusion in regard to the 
meaning of commonly used terms. For instance, in one locality or trade 
any operation of heating and cooling resulting in a softening of the material 
is being called annealing, whereas in other places to ‘‘anneal’’ means not 
primarily ‘‘to soften’’ but to heat to above the ‘‘critical temperature’ and 
to cool very slowly. Similar confusion as to the meaning and application 
exists in regard to other terms and as a result “‘annealing,’’ ‘‘tempering,”’ 
“normalizing,” etc. are being used by different people to mean widely 
different things. 

In any attempt to accurately define the terms commonly used in con- 
nection with heat treatment, the first question to decide and the most im- 
portant one is: Do the terms relate to the heat treatment operation itself 
or to the results obtained by the treatment? In other words, is the term 
indicative of the structure or the conditions obtained or of the operation 
performed? 

After careful consideration it appears most logical and most in keeping 
with present-day usage to have the terms so defined that they shall mean 
definite operations and shall not be considered as referring ‘o the structures 
or general conditions resulting, although, in a great majority of cases, the 
structures or conditions resulting may be quite similar. 

At first glance it would appear entirely unnecessary to coin any new words. 
It seems, however, that one of the reasons for the confusion that has come 
to exist is the lack of adequate terms with which to express the different 
operations and conditions met with. In suggesting the use of the term 
“loneal,’’ an attempt is made to relieve the term ‘“‘anneal”’ of some of the 
misuse which it suffers and to eliminate the term ‘“‘draw’’ which has such 
wide application in regard to the mechanical operations performed on metals 
as distinct from thermal treatments. 

In commercial practice the terms here defined will vary slightly, depend- 
ing upon the material under consideration. A ‘relatively slow rate of 
cooling’ does not mean the same thing for an alloy steel as for a plain carbon 
steel, but the general meaning of the terms should remain the same regard- 
less of the material being treated. This must necessarily be the case if 
the term relates to the actual operation and not to the structure or the con- 
dition resulting from the operation. 

Heatings and coolings during any part of which steel is worked mechan- 
ically, are excluded from the meanings of the terms here given. 

By “‘heating’’ as appearing below is meant a thorough and uniform 
penetration of the heat. 

By “critical temperature” as appearing below is meant that temperature 
which is customarily associated with the following phenomena: 

a Hardening when quenched 

b Loss of magnetism 
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c Absorption of heat 
d Formation of solid solution 
e Pronounced refinement of coarse grain upon cooling. 


Heat-Treatment Definitions 


Annealing. Heating above the 
relatively slow rate of cooling. 

Loneal. Heating below the 
rate of cooling. 

Normalizing. Heating above the 
an intermediate rate of cooling. 

[Note—In good practice the heating is considerably above the ‘‘critical 
temperature.’ ] 

Spheroidizing. A long-time heating at or about the “critical temper- 
ature,”’ followed by slow cooling throughout the upper part of the cooling 
range. 

[Nore—For the purpose of spheroidizing the cementite in high-carbon 
steels. ] 

Hardening. Heating above the 
relatively rapid rate of cooling. 

Tempering. Reheating, after hardening, to some temperature below the 
“critical temperature,’’ followed by any rate of cooling. 

Carburizing. Adding carbon, with or without other hardening elements, 
such as nitrogen, to wrought iron or steel by heating the metal below its 
melting point in contact with carbonaceous material. 

Case-Hardening. Carburizing the surface portion of an object and sub- 
sequently hardening by suitable heat treatment. 

Cyaniding. A specific application of carburizing where the object, or 
a portion of it, is heated and brought into contact with cyanide salt. 


“critical temperature,”’ followed by a 


“critical temperature,’ followed by any 


‘critical temperature,” followed by 


“critical temperature,”’ followed by a 


Investigation of the Effect of Phosphorus and 
Sulphur in Steel 


‘THE Joint Committee on Investigation of the Effect of Phos- 
phorus and Sulphur in Steel has recently issued a further 

progress report. This committee was organized in 1920 and in- 

cludes authorized representatives from the following bodies: 


United States Bureau of Standards 

American Society for Testing Materials 

American Railway Association, Mechanical Division 
United States War Department 

United States Navy Department 

Society of Automotive Engineers 

Society of Naval Architects and Marine Engineers 
National Research Council, Engineering Division 
Association of American Steel Manufacturers 
Steel Founders Society of America 

American Foundrymen’s Association. 


Preliminary committee reports are issued as official publications 
of the American Society for Testing Materials. Final publication 
will be made by the United States Bureau of Standards as a tech- 
nologic paper. 

The work of the committee is proceeding along the following 
lines: Two methods of introducing sulphur into the steel are 
recognized. Residual sulphur is that which is present in the stec! 
from fuel, pig, or scrap. The committee has designated this a- 
Series A material. Added sulphur is termed Series B material, and 
in this case the sulphur is added to the steel during the later stage- 
of manufacture. 

The sulphur content in the steels tested will vary from 0.05 
per cent to 0.08 per cent, while other elements will be normal and 
as nearly constant as possible. Phosphorus content will vary be- 
tween approximately the same limits. 

The committee has determined to study six groups of steel in 
each series: 


1 Rivet steel, tubes, ete. 

2 Plate and structural shapes 
3 Forgings 

4 Wheel, tire, and rail steels 
5 Spring steels 


6 Castings. 


Chemical and physical tests are, in general, being duplicated in 
laboratories at Watertown Arsenal and at the United States Naval 
Experiment Station. In each case a third set of samples is being 
retained at the United States Bureau of Standards, and a fourth 
set is usually retained at the works of the steel company manu- 
facturing the sample steel. Steels are being tested in three con- 
ditions: 
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1 As rolled 
2 Normalized (7 SHetr) 
3 Quenched and drawn. 

Determinations are being made of 
tension, torsion, shear, impact shear, and 
hardness values, both in longitudinal and 
in transverse specimens. 

Test programs for Series A, Group 1, and 
for Series B, Groups 2, 3 and 4, are prac- 
tically complete. Tests on Series A, Groups 
2and 3, are underway. Preliminary reports 
in pamphlet form have been issued on Series 
A, Group 1, and on Series B, Groups 2, 3 
and 4. 

That the committee is equipped both as 
to personnel and available laboratory facili- 
ties to carry on this important investiga- 
tion, is evident from its membership. The 
investigation will be exhaustive and the 
findings conclusive. It is to be hoped that, 
in addition to the presentation of data, the 
committee will, upon completion of its work, 
include in its report formal conclusions 
drawn from its intimate knowledge of the 
data. 

These might be used as the basis for later 
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specifications for materials both wrought 

and cast, but a further hope is ventured that the door will not be 
locked so tightly as to make it impossible to take advantage of new 
processes or combinations of elements by which all physical re- 
quirements may be fulfilled. There is grave doubt in the minds of 
some engineers as to the propriety of limiting the use of materials 
by setting up rigid specifications as to chemical contents when all 
the necessary physical characteristics are met by steels which a 
few years ago would have been condemned solely because of their 
chemical composition. 

This investigation may therefore have vast economic significance. 
Deposits of fuel and ore not now available for development may 
prove to be, because of their location, of inestimable value. If it 
should develop that our metallurgical precepts are in error, even 
toa slight degree, as regards the harmful effect of these two elements, 
new fields of steel production at once become available for develop- 
ment. 


J. C. BANNISTER. 


The British Chartered Engineer 


N THE United States licensing of members of the engineering 

profession has been regarded by many as a step toward the 
publie recognition of engineers and the contribution they make 
to the advance of civilization. In this connection it is interesting 
to note the manner in which this problem has been approached by 
the Institution of Civil Engineers of Great Britain. 

In a recent communication to the members of the Institution, its 
Secretary pointed out that the charter of that body presents the 
qualifications of those equipped with the particular knowledge 
required by the civil engineer. The Council accordingly turned 
their attention to the best means of obtaining authoritative recog- 
nition of the fact that corporate members of the Institution are 
chartered civil engineers, and of definitely confining to its members 
alone the right to use that designation. This object was attained 
by a supplementary charter of February 24, 1922, and by laws 
provided by His Majesty’s Privy Counselor. The Council of the 


Institution urges upon every member and associate member of 
that body the desirability of his using the professional description 
“Chartered Civil Engineer” where the term “Civil Engineer” is 


now employed. The Secretary of the Institution further em- 
phasizes the fact that the professional description now authorized, 
Which connotes different qualifications of a high order, should not 
be subject in the public mind to the uncertainty of status which 
has tended to attach itself to a mere designation of membership in 
& society or to the confusion which results from unregulated em- 
ployment of the term “Civil Engineer.” 


A Precursor of the Modern Revolver 


N 1718 a British patent was granted to James Puckle for what 

resembles a modern‘revolver, a reproduction of which we are 
enabled to present above through the kindness of Wilfred Lewis, 
Mem. A.S.M.E., who has a photograph of the original patent. 
Students of firearms will be interested in the mechanisms shown 
and also in the manner in which the design of this firearm displayed 
the old superstition that square bullets would be required to kill 
Turks while round ones would be sufficient for Christians. The 
following explanation of the functions of the various parts of the 
gun forms a part of the original patent, but the difficulty of re- 
producing them suitably made it necessary that they be set in type. 


1—The Barrel of the Gun 
—The Sett of Chambers Charged put on Ready for Firing 
~The Serew upon which every Sett of Chambers Play Off and On 
A Sett of Chambers Ready Charged to be Slipped on when the 
First Sett are Pulled Off to be Recharged 
5—The Crane to Rise, Fall and Turn the Gun Around 
}—The Garb to Level and Fire the Guns 
7—The Screw to Rise and Fall it 
8—The Screw to Take Out the Crane when the Gun with the Tripod 
is to be Folded Up 
9—The Tripod whereon it Plays 
10—The Chain to Prevent the Tripods extending too far out. 
11—The Hooks to Fix the Tripod and Unhook When the same is Folded 
Up in Order to be Carried with the Gun upon a Man’s Shoulder 
12—The Tube Wherein the Pivot of the Crane Turns 
13—A Charge of 20 Square Bullets 
14—A Single Bullet 
15—The Front of the Chambers of a Gun for a Boat 
16—The Plate of the Chambers of the Gun for a Ship Showing Square 
Bullets against Turks 
17—For Round Bullets against Christians 
18—A Single Square Chamber 
19—A Single Round Chamber 
20—A Single Bullet for a Boat 
21—The Mold for Casting Single Bullets. 


wm Co bo 


Mechanical Engineering at West Point 


A SHORT COURSE in mechanical engineering was introduced 
4% early in 1923 at West Point in the department of civil and 
military engineering. The principles of steam and gas engines, 
transmission of power, principles of power plants, and the economy 
of fuels with special reference to conditions arising in the United 
States Army Supply Department, are the subjects that will be 
taught in this course. These changes were made in accord with a 
change approved by the War Department, eliminating the depart- 
ment of practical military engineering and distributing its courses 
to the departments of tactics and of civil and military engineering. 
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Engineering and ‘Industrial Standardization 


Standardization of Bolts and Nuts 


HIS project was considerably stimulated as the result of a 

conference called by the Department of Commerce, Division 
of Simplified Practice, and held in Washington on February 19 
and 20. This conference, which was called at the request of the 
National Association of Farm Equipment Manufacturers, was 
attended by approximately 50 delegates representing manufacturers, 
distributers, consumers and general interests. The delegates of 
the N.A.F.E.M. represented both of the first two groups, while 
the members of the Sectional Committee on the Standardization 
of Bolt, Nut, and Rivet Proportions who were present represented 
its twenty codperating organizations which cover completely all 
four groups. 

As is generally well known, this Sectional Committee on Bolt, 
Nut, and Rivet Proportions was organized and is functioning under 
the procedure of the American Engineering Standards Committee 
and is sponsored by the 8.A.E. and the A.S.M.E. 

Before the conference had progressed very far it became evident 
that the work before it was not limited to merely the elimination 
of variety and sizes but involved the more difficult question of 
technical standardization. It can now be reported, however, that 
the number of plow bolts was reduced from an unknown number 
to four, known as Nos. 3, 4, 6, and 7. Bolts Nos. 3, 6, and 7 have 
round heads and No. 4 has a square head. They have angles 
under the head of 80, 80, 40, and 60 deg., senpectey ely, and their 
nominal diameters are 5/15, */s, 7/18, 1/2, 9/16, °/8, °/4 and i in certain 
cases 7/, and 1 in. 

At the second session of the conference the standard dimen- 
sions for regular carriage bolts which had been developed by the 
Sectional Committee’s Sub-Committee No. 5, were unanimously 
endorsed with slight changes. These standard dimensions refer 
to the head only and are the same as those printed in the December, 
1923 issue of MECHANICAL ENGINEERING. The tolerances for these 
dimensions are to be added to the revised draft of the Sectional 
Committee’s report on regular carriage bolts. 

The third and fourth sessions were devoted to the study of 
standard dimensions for rough machine bolts and nuts, principally 
the width across flats of square and hexagonal bolt heads and nuts 
and their thickness. The Sectional Committee had already drawn 
up a tentative proposal which would greatly reduce the number of 
wrench openings as compared with present standards in this coun- 
try. The schedule drawn up by the N.A.F.E.M. was slightly 
different in the smaller sizes to meet the special needs of farm equip- 
ment, but an agreement was reached whereby both standards 
were brought together by slight modifications on both sides. When 
this standard is finally completed a great reduction in the number 
of bolt-head and nut sizes will have been brought about, and as 
a direct consequence the number of open-end wrenches necessary 
to cover a given series of bolt sizes will be greatly reduced. 


A Year’s Progress in Industrial Standardization 


URING the past year industrial standardization has con- 
tinued to develop as one of the most active and important 
phases of American industry. Progress has been made in the stand- 
ardization of raw materials, manufacturing processes, and finished 
products. This is equally true whether looked at from the point 
of view of the factory, of the industrial or technical association, or 
of a national movement. 

A striking development is the increased systematic use of speci- 
fications in public purchases, notably by the federal and in several 
of the state governments. The National Association of Purchasing 
Agents and the National Council of Governmental Purchasing 
Agents are devoting much time and attention to the subject. At 
the direction of Mr. Hoover, the Department of Commerce is pre- 
paring to publish a Dictionary of Specifications for Public Pur- 
chases, which will make easily available information as to what 


specifications are in existence, to what classes of use they apply, 
and how they may be obtained. 

The Federal Specifications Board has completed the second year 
of its activity. In this the American Engineering Standards 
Committee has coéperated by obtaining criticisms from the various 
interested industries of proposed specifications of the Federal 
Government before the specifications are finally adopted by the 
Board. To date, the Board has adopted approximately ninety 
specifications, and the Committee has secured criticism of industry 
on about the same number. From these systematic efforts to 
bring governmental purchases in line with the best commercial 
practice, important economies both to industry and government 
are resulting. 

The Division of Simplified Practice of the Department of Com- 
merce continues to exert a most stimulating influence on the stand- 
dardization movement, particularly in emphasizing the efficiency 
results of standardization to the business man. 

Through the organization of the American Marine Standards 
Committee, work has been initiated in this important industry. 
Very little in this field has heretofore been done in this country, 
although very considerable activity has been going on for some time 
in Germany and Great Britain. 

The most striking aspect of the movement for industrial standard- 
ization is the development of standardization on a national scale. 
More than 150 undertakings now have official status before the 
4.E.S.C., the national clearing house for standardization. Fifty 
standards have received final approval by the Committee, twenty- 
two of which were approved during 1923. The importance of the 
broadly democratic methods followed in this clearing-house work 
is receiving increasingly widespread recognition. In it all parties 
concerned with any standard—producers, consumers, and represen- 
tatives of the public and government—participate (1) in deciding 
whether the work should be undertaken at all, (2) in formulating 
the standard, and (3) in its ultimate approval. Thus the indus- 
tries are developing and using such standards as best fit their needs, 
without danger of such technical industrial matters becoming sul 
ject to legal enforcement or to governmental pressure. Is it not 
probable that many other of our important industrial problems 
will find their solutions by closely analogous methods? 

In July the second conference of the national industrial standard- 
izing bodies was held in Switzerland, where thirteen of the more im- 
portant industrial nations of Europe and American were represented. 
Important progress was made in developing coéperation between 
the various national bodies, particularly in regard to the earl) 
release to each other of information on work in progress. Informa- 
tion on the status of all projects in hand is now regularly inter- 
changed between the various bodies. Provision was made for con- 
tinuing the work of the conference on the many problems of common 
interest through a continuing loose-knit organization. 

There are now national industrial standardizing organizatiois 
in sixteen countries: Australia, Austria, Belgium, Canada, Czech 
slovakia, France, Germany, Great Britain, Holland, Hungary, 
Italy, Japan, Norway, Sweden, Switzerland, and the United States 
Of these, the work in Great Britain, Germany, and the United 
States is the most extensive, as would be expected from the scale 
of the industrial development in these countries. 

The extensive standardization work going on in Germany ¢0n- 
tinues to present many interesting phases. Some of these wire 
outlined in a recent bulletin of the A.E.S.C. Practically ev«ry 
important manufacturing concern in that country is actively «n- 
gaged in the work, and more than a thousand companies have 
formal standardization organizations within their own works. 
Approximately seven hundred national German standards have ! ven 
approved by the central national standardizing body. These «re 
only standards in which several industries are concerned. Stand- 
ardization engineering is now a recognized profession in Germany. 
Some of the consulting engineering firms specialize on standar«iza- 
tion work. Through their work on trade catalogs these consulting 
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engineers, among other things, are introducing standardization 
into sales policies and sales organizations. 

Of interest not only in its relation to international standardiza- 
tion but also on account of its bearing on the use of specifications 
in foreign trade, is the resolution passed by the last conference of 
the Pan-American Union, where it was decided ‘‘that a conference 
on standardization of specifications of materials, tools, machinery 
and supplies be held. . . .with a view to reaching agreements which 
may be embodied in Inter-American conventions of this subject.” 
This projected movement will be watched with great interest by 
American industries. 

Standardization continues to play a more and more important role 
in the activities of trade associations. The subject is treated at 
length in the book on Trade Association Activities issued by the 
Department of Commerce during the year. It is of more than 
passing interest that the Supreme Court in a recent decision in 
regard to trade-association activities, explicitly recognized standard- 
ization as being in the public interest. 


Lerrer BaLtots oN Two Sranparps JUst COMPLETED 


The standard set of Symbols for Wiring Plans for the Electrical 
i;quipment of Buildings recently completed by the Sectional Com- 
mittee on the Standardization of Symbols for Electrical Equipment 
of Buildings organized for their formation has now received the 
designation “Tentative American Standard” by the American 
Ingineering Standards Committee. The American Institute of 
Architects, the American Institute of Electrical Engineers and the 
Association of Electragists are the sponsors for this project and C. 
Kaiser is the Chairman of the Sectional Committee. 

The closely allied subject of standard Symbols for Wiring Plans 
of Marine Installations, which is not covered by the present report 
of this Committee, was by general consent transferred to the Sec- 
tional Committee, for Electrical Installations on Shipboard spon- 
sored by the A.I.E.E. H. L. Hibbard is Chairman of this last- 
named Committee 

The A.E.S.C. has just approved the recommendation of its 
Special Committee that the A.S.T.M. Specifications for Welded 
and Seamless Steel Pipe and Welded Wrought-Iron Pipe formerly 
known as A 53-21 and A 72-21 be approved as Tentative American 
Standards and given the serial designations B 21-1924 and B 22- 
1924. These specifications were approved as submitted under 
Rule R-4 and the American Society for Testing Materials was 
designated as the sole sponsor who will organize the Sectional 
Committee when revisions of these specifications are deemed de- 
sirable. 

A. W. Wuirney.! 


Heat-Transfer Research Initiated 


THE importance of heat transfer was discussed at a gathering 
of forty engineers, physicists, and chemists held under the 
auspices of the National Research Council at the Engineering 
Societies Building, New York City, on January 29. The various 
phases of a much-needed investigation in heat transfer were dis- 
cussed by those present, and the formation of an executive com- 
mittee was authorized to outline the scope and to formulate a plan 
of action for such a research. The gathering expressed its wish 
that the executive committee immediately appoint two technical 
committees, one to deal with heat transmission and the other with 
insulation. The project will be carried out under the leadership 
of the National Research Council. 
The Executive Committee’s selection was announced on February 
26 as follows: 


I. Pavut ANDERSON, Director, Research Laboratory of American 
Society of Heating and Ventilating Engineers, at U. S. Bureau 
of Mines, Pittsburgh, Pa. 

W. L. Bapeer, Professor of Chemical Engineering, University of Michi- 
gan, Ann Arbor, Mich. 

W. H. Carrier, President, Carrier Engineering Corpn., Newark, N. J. 

Harvey N. Davis, Professor of Mechanical Engineering, Harvard 
University, Cambridge, Mass. 

H. ©. Dickinson, Chief Div. III, Heat and Thermometry, Bureau of 
Standards, Washington, D. C. 


1 Chairman, A.E.S.C. 
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H. Harrison, Brunswick-Kroeschell Company, New York City. 

F. E. Matuews, Consulting Mechanical Engineer, Leonia, N. J. 

GeorGe A. OrroxK, Consulting Engineer, 124 East 15th Street, New 
York City. 

T. S. Taytor, Research Physicist, Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 


Metric Standards Bill Introduced in Congress 


A MONG the first bills introduced in the present session of Con- 
4 *% gress was the Metric Standards Bill, providing for gradual 
adoption of the metric units of weights and measures in merchandis- 
ing. This bill was introduced in the House of Representatives by 
Hon. Fred A. Britten, of Illinois, and in the Senate by Hon. Edwin 
F. Ladd, of North Dakota. 

According to the provisions of the Britten-Ladd bill, the buying 
and selling of goods, wares, and merchandise will be in terms of 
the metric units after a period of ten years. Manufacturers are to 
use whatever measures they choose in production, the bill providing 
“that nothing in this act shall be understood or construed as apply- 
ing to the construction or use in the arts, manufacture, or industry 
of any specification or drawing, tool, machine, or other appliance or 
implement designed, constructed or graduated in any desired 
system.” 

Rules and regulations for the enforcement of the provisions of the 
act are to be made and promulgated by the United States Secretary 
of Commerce. 


Edwin Ludlow Dead 


yPWIN LUDLOW, former President of the American Institute 

4 of Mining and Metallurgical Engineers, died on February 10, 
1924, at Muskogee, Okla., in his sixty-sixth year. Mr. Ludlow 
was born in Oakdale, L. I., and was graduated from the Columbia 
University School of Mines in 1879. 

After graduation he became a supervisor of coal properties in 
Pennsylvania, owned by the Pennsylvania Railroad. He later 
became general manager of coal properties of the Choctaw, Okla- 
homa & Gulf Railroad in Indian Territory; then superintended the 
coal holdings of the Mexican Coal & Coke Company in Los Es- 
peranza, Mexico, and in 1913 became vice-president of the Lehigh 
Coal & Navigation Company, a position which he relinquished in 
1920 to go into business as a consulting mining engineer in New 
York. 

Mr. Ludlow was an honorary member of the Institution of Mining 
and Metallurgy of Great Britain, and a member of many American 
technical societies. 


oseph Struthers, U.E.S. Treasurer, Dies 
Joseph Struthers, U.E 


OSEPH STRUTHERS, treasurer of United Engineering 

Society since 1911 and of Engineering Foundation from the 
organization of its Board in 1915, died at the French Hospital in 
New York, February 18, 1924. Dr. Struthers was born in New 
York, 58 years ago and was educated in the public schools, the 
College of the City of New York, and Columbia School of Mines. 
He received the degree of Ph.D. from Columbia University ia 1895, 
where he taught from 1885 to 1900, and subsequently had var- 
ious engagements connected with mining and metallurgical engineer- 
ing. 

Dr. Struthers was a member of the American Institute of Mining 
and Metallurgical Engineers, of which he was assistant editor 
1903-5, assistant secretary 1906-10, editor 1906-12, a director in 
1911, and secretary 1911-12. He became secretary and treasurer 
of the Engineers’ Club of New York in 1909, which office he held to 
the time of his demise. From 1918 to 1920 he was in the Ordnance 
Department, U.S. A. 


A Correction 


HROUGH a misunderstanding the business address of J. L. 

Williamson was given incorrectly on page 132 of the March 
issue of MECHANICAL ENGINEERING. Mr. Williamson, a non- 
member, is connected with the railway motor department of the 
General Electric Co., at Schenectady, N. Y. 
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Library Notes and Book Reviews 





ALTERNATING-CURRENT ARMATURE WINDING. By Terrell Croft. Mce- 
Graw-Hill Book Co., N. Y., 1924. Cloth, 6 X 8 in., 352 pp., illus., 
diagrams, tables, $3. 

This is a practical book for those interested in winding or re- 
winding alternating-current stators. It does not discuss design 
nor contain any advanced mathematics. Starting with the neces- 
sary definitions and classification of machinery, directions are 
given for rewinding machines for their original conditions, for re- 
connecting windings to suit changed conditions, and for unusual 
connections. A section on testing windings and locating faults 
is included. The final section consists of 165 diagrams of standard 
connections for single-phase, two-phase and three-phase windings. 
APPRAISERS’ AND ApsusTERS’ HANDBOOK. 

Book Co., New York, 1924. 
tables, $5. 

A handbook of data for engineers, owners of real estate, and others 
interested in the valuation of buildings and structures. Part one 
deals largely with general principles, square-foot and cubic-foot 
costs, and the approximate estimation of the cost of buildings. 
Part two explains how the cost of the various details may be found. 
Included in it are many useful tables showing the amount of work 
done per hour in building work of various kinds. 


By William Arthur. U. P. C. 
Fabrikoid, 5 X 7 in., 616 pp., diagrams, 


AUTOMOBILE ReEparrRING. By Ben G. Elliott and others. McGraw-Hill 
Book Co., N. Y., 1924. Cloth, 5 X 8 in., 431 pp., illus., diagrams, $3. 
Presents, in a volume of reasonable size, the fundamental prin- 
ciples employed in the various operations of repairing the gasoline 
automobile and its equipment. Intended for use as a text or refer- 
ence book by repairmen, students and owners of cars. Part one 
treats of repair work. Part two contains information on shop 
tools, equipment, processes, and methods for persons without shop 
experience. 

BLASTING WitH HicgH Exptosives. By W. Gerard Boulton. Isaac Pit- 
man & Sons, London & N. Y., 1923. Cloth, 5 X 7 in., 108 pp., illus., 
diagrams, tables, $1.50. 

The aim of this work is to call attention to the great superiority 
of high explosives over black powder, and to give those unaccus- 
tomed to their use simple, clear directions for using them safely 
and economically. The directions cover the selection of the proper 
explosives, methods of handling and firing them, and the use of 
explosives in tunneling, mining, under water, and for various other 
purposes. ‘ 
Die DamprrurRBINEN—Vol. 3. By Const. 

Gruyter & Co., Berlin and Leipzig, 1924. 
illus., diagrams, $0.30. 

The first section of this volume treats concisely of turbine regu- 
lation and the design of regulating apparatus. The second section 
describes briefly the modern types of turbines, and section three 
discusses turbines for special purposes. Section four discusses 
condensing equipment for steam turbines. The concluding section 
reviews the field for the steam turbine and compares turbines with 
reciprocating engines. 


Zietemann. Walter de 
Boards, 4 X 6 in., 136 pp., 


Economics oF Moror Transportation. By George W. Grupp. D. 
Appleton & Co., N. Y., 1923. Cloth, 6 X 9 in., 414 pp., illus., $4. 

This book attempts to cover the entire field in as much detail 
as is possible within the limits of a single volume, with due regard 
to the needs of students of transportation, manufacturers of motor 
vehicles, and owners or prospective owners of trucks. Attention 
is concentrated on the principles involved in road transport and on 
the methods of applying these principles successfully. Among 
the subjects discussed are the replacement of horse wagons, se- 
lection of trucks, track operation, loading, cost accounting and 
omnibus transportation. 


GALVANOMAGNETIC AND THERMOMAGNETIC Errects. By L. L. Campbell. 
Longmans, Green & Co., N. Y., 1923. (Monographs on Physics.) 
Cloth, 6 X 9 in., 311 pp., diagrams, $5.25. 

This monograph reviews concisely, yet in detail, the historical, 
experimental, and theoretical accounts of that family of galvano- 


magnetic and electromagnetic phenomena that are the lineal off- 

spring of the Hall effect. Includes, in addition to the Hall effect, 

those known as the Ettingshausen, Nernst, and Righi-Leduc 

effects. An extensive bibliography is included. 

InpusTRIAL Heattu. By George M. Kober and Emery R. Hayhurst, 
editors. P. Blakiston’s Son & Co., Philadelphia, 1924. Cloth, 
6 X 10 in., 1184 pp., $15. 

This work, a revised and extended edition of Kober and Han- 
son’s Diseases of Occupation and Vocational Hygiene, is a concise 
encyclopedia of the subject, amply provided with references to 
the recent literature. Over thirty specialists have contributed to 
it. Part one deals with the general principles of maintaining health 
in industry. Part two considers the vocational hygiene of certain 
industries and callings, such as mining, metallurgy, and railroading, 
which are sufficiently important to deserve special attention. 
Part three pertains to specific occupational diseases, the result of 
exposure to poisons, infections, and conditions and methods of indus- 
trial applications. Part four covers the systematic occupational dis- 
eases. Part five deals with the general principles of industrial 
health administration. 


Henr \ 


Lire oF Francis AMASA WaLKER. By James Phinney Munroe. 
Holt & Co., N. Y., 1923. Cloth, 6 X 9 in., 449 pp., port., $4. 
General Walker has many claims to fame as a soldier, an econ- 
omist and a public official, but to engineers he is best known for 
his work at the Massachusetts Institute of Technology, of which 
he was president from 1881 to 1897. Mr. Munroe’s biography, 
published twenty-five years after General Walker’s death, gives 
a full account of his busy life and a careful estimate of his con- 
tributions to the reforms in government, in education, and in social 

administration for which he labored. ; 


Mopern Evectro-Piatinc. By W. E. Hughes. Henry Frowde, and 
Hodder & Stoughton, London, 1923. (Oxford Technical Publications 
Cloth, 6 X 10 in., 160 pp., plates, tables, $5.35. 

This book is not intended as a textbook but as a help to platers, 
chemists and engineers in search of practical, modern information 
on the electrodeposition of the metals of general interest in engineer- 
ing. The first chapter is a general review of the subject. This 
is followed by chapters on theory, on the preparation of work, on 
the deposition process and on finishing. The various metals, 
iron, nickel, zine, lead, tin, chromium and copper are then con- 
sidered at length. A chapter on the structure of deposited meta! 
and one on recommended reading end the volume. Numerous 
references and bibliographies add to the value of the book. 


PREPARATION OF Reports; ENGINEERING, SCIENTIFIC, ADMINISTRATI\£ 
By Ray Palmer Baker. Ronald Press Co., New York, 1924.) Cloth 
5 X 8 in., 468 pp., illus., diagrams, $3.50. 

Dr. Baker’s work, while intended primarily for students, contains 
information on the preparation of reports which has never before 
been brought together and which will be usefuif or reference to those 
engaged in active practice. Various types of reports—informat! 
reports, examination reports, recommendation reports, progress 
reports and research reports—are analyzed systematically. ‘lhe 
reports used are actual examples, selected from a great varicty 


Principe oF Rexativity. By H. A. Lorentz, A. Einstein, H. Minkowsk 
& H. Weyl. Dodd, Mead & Co., New York, 1923. Cloth, 6 * 
216 pp., diagrams, $4.00. 

A translation of Das Relativititsprinzip, which appeared »:v- 
eral years ago. The papers here collected are by some’ of thie 
foremost students of the theory, and the collection is intended 
chiefly to exhibit the way in which the theory gradually grew 
under the stimulus of physical experiment. 


RAILWAY-SIGNALLING: MECHANICAL. By F. R. Wilson. Isaac Pitman & 
Sons, London and New York, 1923. (Pitman’s Technical Primers.) 
Cloth, 4 X 7 in., 109 pp., illus., diagrams, $0.85. 

This introduction covers very clearly the practice of signailng 
on British railroads. The lay-out of signal systems, interlocking 
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the connection of cross-overs and the mechanical apparatus are 

described, and instructions for preparing plans are given. 

RESEARCH INFORMATION SURVEYS ON CORROSION OF MetTALs, Nos. 1-3; 
Nickel, Aluminum, Copper. By National Research Council. Re- 
search Information Service, Washington, D. C., 1923. Paper, 8 X 
11 in., 3 vols. in one, $2.00. 

These three bulletins review our knowledge of resistance of nickel, 
aluminum and copper to various chemicals. The information is 
definite and the authorities for the data are given in the extensive 
bibliographies which accompany each monograph. The work will 
be valuable to everyone interested in the use of these metals. 


RecENT DEVELOPMENTS IN Atomic THEeory. By Leo Graetz. E. P. 
Dutton & Co., N. Y., 1922. Cloth, 6 X 9 in., 174 pp., illus., diagrams, 
tables, $3.50. 

Six lectures which explain the steps that lead up to present views 
about atoms and illustrate the advances in the explanation of 
many phenomena which have been made by means of these views. 
The book is intended not only for students of physies and chemistry 
but also for general readers of a scientific turn of mind. 


By Julien Verdier. Gauthier-Villars et Cie., 
Paper, 6 X 9 in., 412 pp., illus., diagrams, 35 fr. 


La TELEGRAPHIE Sans Fin. 
Paris, 1924. 
This work is not a text on radio practice, but an account of the 
development of radio communication, intended for the general 
reader, in which the principles are explained and the great variety 
of uses to which it is being put are set forth. It gives for the first 
time, the author says, an account of the services rendered by radio 
during the World War; including among other items the hitherto 
unpublished official radiotelegrams concerning the armistice. 


TEXTBOOK OF INDUSTRIAL Cost AccouNTING. By Paul M. Atkins. Me- 
Graw-H)ll Book Co., N. Y., 1924. Cloth, 6 X 9 in., 396 pp., illus., $4. 
This textbook, based on the courses given by its author in the 
University of Chicago, is intended for students who have already 
studied business administration, factory management, and ac- 
counting. The method of instruction differs from that now com- 
monly in use, and is better suited, in the opinion of the author, 
to give the student an understanding of the practical difficulties 
that are likely to arise in cost accounting, as well as of the theoretical 
principles involved. 


Coal-Storage Systems 


(Continued from page 198) 


pile was insufficient to keep down the rise in temperature, then 
spontaneous combustion would result. If that theory was correct, 
then the storage of fine coal or of powdered coal would be a much 
more dangerous proposition than would be the storage of coal in 
very large lumps. 

In reference to the burning of powdered coal in comparatively 
large sizes, there was nothing about the suspension of coal that 
made for efficiency. The real reason for the efficiency in powdered- 
coal burning was due to the fact that the coal was so finely pulver- 
ized that the air required for its oxidation was in the immediate 
vicinity of the coal; and the reason large furnaces were needed now for 
powdered-coal burning was simply because we still burned the coal 
in suspension and did not have the air supply in the immediate 
Vicinity of the coal. The question of volume had absolutely no 
connection with combustion. The reason large volumes were 
needed in powdered-coal furnaces was because it was necessary 
to allow the coal to find the air with which it was eventually going 
to combine. ; 

N. E. Funk' said that in storing with cranes, just one layer was 
spread over the whole area of ground provided for storage, then a 
scraper hauled by a tractor was dragged over the pile until it became 
perfectly level, mixing up the large lumps and the fines. This 
procedure was repeated layer by layer. His company had over 
200,000 tons of coal stored that way in piles from 30 to 60 ft. wide 
at the base and from 15 to 30 ft. high, and had not as yet had a fire 


—_—_— 


‘Operating Engr., Phila. Elec. Co., Philadelphia, Pa. 


Mem. A.S.M.E. 
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ina year and a half. The pile should not be ventilated. If air 
could be prevented from getting to the coal by tight packing the 
coal could not oxidize, and if it could not oxidize it could not 
burn. It was, however, true that there had been some small fires 
along the edge of the pile, but there the men with the tractors 
had not been careful and the packing was not good. There 
were little holes in the bottom at such places so that the air could 
come up through the fine and coarse coal, and there had been little 
circles of fire at those points. Therefore one of the big things in 
storing coal was to keep the air from getting to it. 

Chairman Abbott said that for several years past the Common- 
wealth Edison Company had merely put its coal in storage and 
forgotten about it. They had put no ventilating pipes in and used 
no means for taking temperatures. All they had done was to re- 
frain from putting fine coal in the pile; only lump coal above an 
inch and a quarter went into storage. It was the fine coal which 
caused fires. Coal began to oxidize the moment it was taken from 
the mine and exposed to the air. That oxidation took place natu- 
rally on the surface of the coal only. A lump of coal one inch in 
diameter had a certain surface area, perhaps something like three 
square inches; grinding that lump into pieces one-hundredth of an 
inch in diameter increased the surface a hundredfold and the heat- 
ing was increased correspondingly, provided air was gotten to it. 
When coal was stored, coarse and fine together, then along the side 
of the pile and down to depth of five feet or thereabouts there oc- 
curred such a mixture of fine and coarse that there was enough 
oxygen supplied and not sufficient ventilation to keep the tempera- 
ture down, and there was where the heating would begin. The 
correct formula for storing coal so it would not take fire was: Put 
in nothing but fine coal, or put in no fine coal. 

Ek. N. Trump! said that his company formerly thought it a very 
difficult matter to store coal of any kind because they had had fires 
continually. They now had storage piles under bridges in which 
they put 80,000 tons at a time and experienced no trouble. No 
precautions were taken except to see that the fine coal and the coarse 
coal were distributed evenly so as not to become segregated. If 
coal was dumped on the top of a conical pile the large coal ran down 
the outside and the fine stayed in the middle, and the air seemed to 
get at the outside and start the fire around the lower edge. Very 
seldom did it start in the middle of the pile. With even distri- 
bution, however, there was rarely, if ever, any difficulty encountered. 

O. P. Hood, author of the first paper to be presented at the 
session, said that Mr. German had stated that in the two piles of 
coal he had made the coal was the same. It went into storage at 
about the same time; it was piled to substantially the same height, 
etc. But one pile was crushed, and the other was not. There 
seemed to be some doubt, however, as to the reason why one pile 
took fire and the other did not. Apparently, the trend of the 
presentation was that these ventilating holes had something to do 
with the case. It seemed a matter of question as to whether it was 
the crushing or the piling or the holes or the collars that were put 
on the holes that prevented fires. 

In regard to the matter of ventilating a coal pile, he believed that 
the Canadian Pacific had practiced that, and perhaps still practiced 
it, storing large quantities of coal and putting holes down through 
the pile from 18 inches to two feet apart. It would seem that 
holes that were four or five feet apart played a small part in the 
program. 

Regarding spontaneous combustion in powdered coal, it was 
necessary to have carbon, and oxygen supplied to that carbon. 
Powdered coal lay together so close, so tight, that the oxygen in 
the interstices was soon used up. It would take an exchange of 
air somewhere in the neighborhood of from 20 to 40 times to fill 
those interstices to give oxygen enough to raise the temperature 
of the coal to a dangerous point. Without that exchange of air 
there would be no rising temperature and it was extremely 
difficult to get such an exchange of air in a powdered-coal mass. 
Powdered coal usually took fire from some outside source. That 
is, burning coal was injected into the-mass, or it was in corners where 
the amount of powdered coal was relatively small compared to the 
amount of air and the movement of air, or in pipe lines where 
powdered coal was being moved by air and there was plenty of air. 





1 Pres., Stump Una-Flow Eng. Co., Syracuse, N. Y. Mem. A.S.M.E. 
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THE ENGINEERING INDEX 


Registered United States Great Britain and Canada 





Exigencies of publication make it necessary to put the main body of The Engineering 


Index (p. 127-El of the advertising section) into type considerably in advance of the date 


of issue of ‘Mechanical Engineering.” 


To bring this service more nearly up to date is 


the purpose of this supplementary page of items covering the more important articles 
appearing in journals received up to the third day prior to going to press. 





AIRPLANE ENGINES 


Thermodynamics. The Thermo-Dynamics of 
Aircraft Engines, H. R. Ricardo. Roy. Aeronautical 
Soc.—Jl., vol. 28, no. 158, Feb. 1924, pp. 49-75 and 
(discussion) 75-87, 17 figs. Deals with such factors 
as change of specific heat, interchange of heat, in- 
fluence of latent heat, pre-burning, flame temperature 
and range of burning, influence of temperature and 
pressure of compression, stratified charge and super- 
charging. 


AIRPLANES 


Douglas World Cruiser. The Douglas World 
Cruiser Described. Aviation, vol. 16, no. 8, Feb. 25, 
1924, p. 205, 1 fig. Conventional-type biplanes which 
carry large load in proportion to their own weight 
giving them a long non-stop flying range, and yet they 
can be maneuvered rinto and out of small landing 
areas. 

Lift and Drag. The Elements of the Lanchester- 
Prandt! Theory of Aeroplane Lift and Drag. Engi- 
neering, vol. 117, nos. 3027, 3028, 3030, 3032 and 
3035, Jan. 4, 11, 25, Feb. 8 and 29, 1924, pp. 1-3, 
35-37, 100-102, 169-171 and 258-260, 34 figs. De- 
scribes development of Lanchester's views into rational 
and practical theory of airplane by Prof. Prandtl. 


AIRSHIPS 


Aerodynamical Characteristics. The Aeor- 
dynamical Characteristics of the Airship as Deduced 


from Experiments on Models, with Application to ~ 


Motion in a Horizontal Plane, R. Jones. Roy. Aero- 
nautical Soc.—Jl., vol. 28, no. 158, Feb. 1924, pp. 
88-150, 21 figs. Considers aerodynamic forces di- 
rectly measured in wind channel, that is, forces due 
to translation; directs attention to examination of 
forces due to rotation, and to combined forces and 
determination of positions of equilibrium in curvilin- 
ear flight with rudders inclined at various angles; 
and considers distribution of normal pressures over 
hull and fins in steady motion. 


AUTOMOBILES 


Specifications and Design. Trends in Passenger 
Car Design. Automotive Industries, vol. 50, no. 8; 
Feb. 21, 1924, pp. 393-418, 9 figs. Statistics on prices, 
progress of design shown by trend studies; American 
passenger-car chassis specifications; engine specifica- 
tions; taxicab, steam-passenger-car and gasoline- 
railear specifications; British and Continental Euro- 
pean specifications. 

BOILER FURNACES 

Small-Sized Anthracite. Burning Small Sizes 
of Anthracite, A. A. Cary. Power, vol. 59, no. 9, 
Feb. 26, 1924, pp. 326-328, 3 figs. Discussion 
prompted by paper by A. R. Mumford read before 
A.S.M.E. and published in Feb. 19, 1924, issue of 
same journal. 


BOLTS 

Flange, Initial Tension in. Effect of Initial 
Tension in Flange Bolts, M. D. Casler. Am. Mach., 
vol. 60, no. 10, Mar. 6, 1924, pp. 369-370, 1 fig 
Mathematical treatment for determination of stresses 
in bolts under various load conditions; method of de- 
riving formulas; numerical example to illustrate 
solution. 


BOXES 
Shipping Containers. Formulas for Shipping 


Box Construction, M. L. Oglesby. Mgt. & Adminis- - 


tration, vol. 7, no. 3, Mar. 1924, pp. 323-328, 8 figs. 
Forces acting and sizes of material required to with- 
stand them. 


CENTRAL STATIONS 


Kearny Plant, N. J. Work on Kearny Plant Pro- 
gressing. Power Plant Eng., vol. 28, no. 5, Mar. 1, 
1924, pp. 310-311, 2 figsr Additional details concern- 
ing plant on Hackensack River, N. J., being built by 
Pub. Service Elec. Power Co., which will add new 
link to chain of superpower stations in East. 

Remodeling. Revamping Municipal Electric 
plant at Hannibal, Mo. Power, vol. 59, no. 11, Mar. 
11, 1924, pp. 394-397, 4 figs. Revamping a Corliss- 
engine condensing plant and installing additional 
boiler, new turbo-generator to carry bulk of load and 
coal and ash-handling equipment, resulted in reducing 
steam consumption per unit of output 40 per cent, 
amount of coal burned in nearly same proportion and 
24-per cent reduction in labor costs. 

CONVEYORS 

Automobile Plants. Power Conveyors in the 
Automobile Plant. Machy. (N. Y.), vol. 30, no. 7, 
Mar. 1924, pp. 541-543, 4 figs. Describes several 
examples of modern conveyor installations, liak chains 
and sprockets for which were supplied by Link-Belt 
Co., Chicago. 

CRANES 


Overhead vs. Gantry. Comparative Cost of 


Electric Traveling and Gantry Cranes, Wm. L. Laing. 
Am. Mach., vol. 60, no. 9, Feb. 28, 1924, p. 318. 
Assumption and figures which, when corrected to suit 
local conditions, can be used as guide. 


DIESEL ENGINES 

Bethlehem. Largest Two-Stroke-Cycle Diesel 
Built in America. Power, vol. 59, no. 11, Mar. 11, 
1924, pp. 406-408, 6 figs. Bethlehem 2900-hp. two- 
stroke-cycle engine has no cylinder head; scavenging 
pumps are at side of frame, scavenging valves in top 
of cylinder. 


FLYWHEELS 

Stress Determination. The Stresses in a Uni- 
formly Rotating Fly-Wheel, A. J. Sutton Pippard. 
Instn. Mech. Engrs.—Proc., no. 1, 1924, pp. 25-42 
and (discussion) 43-51, 7 figs. Author uses method 
of analysis founded on certain theorems of Castig- 
liano, which leads to formulas of straightforward and 
easily applied type; investigation dealing with stresses 
in ring subjected to system of radially applied forces 
is given in appendix. 


FOUNDRIES 


Labor-Saving. Mechanical Foundry Minimizes 
Labor, J. E. McDonald. Iron Age, vol. 113, no. 9, 
Feb. 28, 1924, pp. 633-637, 9 figs. Output per man 
trebled in new plant of Lavelle Foundry Co., Ander- 
son, Ind., features of which are three stories, gravity 
flow, controlled conveyors and specialized design. 
See also description by D. M. Avey in Iron Trade 
Rev., vol. 74, no. 9, Feb. 28, 1924, pp. 601-606, 10 
figs.; and Foundry, vol. 52, no. 5, Mar. 1, 1924, pp. 
167-174, 16 figs. 

GEARS 

Enveloping Teeth. ‘‘Enveloping’’ Gear Teeth. 
Engineering, vol. 117, no. 3035 Feb. 29, 1924, pp. 
257-258, 4 figs. Refers to type of tooth which, after 
exhaustive comparative tests, has been definitely 
adopted by Vickers Ltd., as Vickers, Bostock & 
Bramley ‘‘enveloping’’ gear teeth; gives results of 
tests. 

Helical. Interference between Helical Gears on 
Parallel Shafts, J. B. Arnold. Machy (N. Y.), vol. 
30, no. 7, Mar. 1924, pp. 538-540, 3 figs. Formulas 
are deduced for redesigning a helical ring gear and 
pinion to meet requirements of fixed ratio and center 
distance. 

Ratios, Calculation of. Super-accuracy in Gear 
Ratios, T. M. Lowthian and W. Owen. Engineer, 
vol. 137, no. 3555, Feb. 15, 1924, pp. 164-166. De- 
scribes simple method of calculating gear ratios. 


HYDRAULIC TURBINES 


Large, Construction of. Building Hydraulic Tur- 
bines.of Unusual Size, E. T. Spidy. Am. Mach., vol. 
60, no. 10, Mar. 6, 1924, pp. 345-349, 15 figs. 
Equipment and methods of Dominion Engineering 
Works near Montreal; layout plate exceptionally 
large; heavy machine tools of various kinds; taking 
portable machines to work; balancing rotating parts 
of great weight. 


INDUSTRIAL MANAGEMENT 


Cost Control by Budget. Cost Control by 
Budget, Thos. B. Fordham and E. H. Tingley. Meat. 
& Administration, vol. 7, no. 3, Mar. 1924, pp. 291- 
294, 1 fig. Points out advantages to be gained by 
budget analysis; operating factory divisions by budget. 


INDUSTRIAL MOBILIZATION 

Plans, United States. Plans for Industrial Mo- 
bilization, L. W. Moffett. Iron Age, vol. 113, no. 10, 
Mar. 6, 1924, pp. 707-709, 1 fig. Program of U. 5S. 
War Department covers allocations, specifications, 
contracts, etc.; pledge of Iron & Steel Inst.; emergency 
reserves; procurement planning; control of labor. 


IRON CASTINGS 


Gray-Iron, Annealing. The Soft Annealing of 
Gray Iron Castings (Ueber das Weichgliihen von 
Grauguss), E. Schiiz. Stahl u. Eisen, vol. 44, no. 5, 
Jan. 31, 1924, pp. 116-118, 2 figs. Results of tests on 
time of annealing and speed of cooling of silicon-poor, 
thin-walled castings, for purpose of obtaining high 
degree of softness; metallographic determination of 
phenomena through quenching tests; practical results. 

Locomotive. Making Locomotive Castings, H. 
E. Diller. Foundry, vol. 52, nos. 2, 3 and 4, Jan. 15, 
Feb. 1 and 15, 1924, pp. 53-60, 89-95 and 137-143, 
27 figs. Jan. 15: Survey of objects and problems of 
foundry of Baldwin Locomotive works, and descrip- 
tion of molding and core work. Feb. 1: Description 
of molding and core work for making locomotive cyl- 
inders. oundry operations and control, and study 
of foundry layout. Feb. 15: Supervision by con- 
tractors. 


JIGS 


“Clamping Devices for. Swinging-leaf Clamping 
Devices, F. Server. Machy. (N. Y.), vol. 30, no. 7, 


Vou. 46, No. 4 


Mar. 1924, pp. 544-546, 7 figs. Hinged cover with 
equalizing clamp; swing cover adapted for holding 
bushings; methods of clamping hinged covers; hinge 
pin with vertical adjustment; hinged-cover fixture for 
lathe chuck. 


MACHINE TOOLS 


Feet and Bases. Design of Machine Tool Feet 
and Bases, F. Horner. Machy. (N. Y.), vol. 30, nos 
6 and 7, Feb. and Mar., 1924, pp. 450-453 and 508 
510, 12 figs. Typical designs for different classes of 
machines. 


MATERIALS HANDLING 

Shop Transportation. Reducing the Cost of 
Shop Trucking, Robt. T. Kent. Mgt. & Administra 
tion, vol. 7, no. 3, Mar. 1924, pp. 317-322, 6 figs 
Methods which effected big savings in plants where 
adopted. 


MILLING 

Fixtures. Fixtures for Production Milling, A. A 
Dowd. Machy. (N. Y.), vol. 30, no. 7, Mar. 1924 
pp. 521-523, 5 figs. Examples of fixture design ar: 
given in detail to illustrate modern trend in locating 
and clamping methods and in genera! features of con- 
struction. 


OIL ENGINES 

Cold-Starting. A  Cold-starting Oil Engine 
Engineer, vol. 137, no. 3555, Feb. 15, 1924, pp. 180 
181, 9 figs. New vertical oil engines made by Ruston 
& Hornsby, Lincoln, England, of 4-cycle, mechanica! 
injection, high-compression type, which can Le started 
when quite cold without use of blow lamp or any other 
heating device. 
PNEUMATIC TOOLS 

Repair and Upkeep. Repair and Upkeep oi 
Pneumatic Tools, R. W. Wilson. Engineering, vo 
117, no. 3033, Feb. 15, 1924, pp. 219-220, 7 fix 
Considers what is necessary to maintain in efficient 
operation and in economical service the pneumat) 
tools commonly used in workshops and shipbuildin. 
yards. Paper read before Instn. Mech. Engrs. 


POWER TRANSMISSION 

Wave. Wave Transmission of Power, H. Mo 
Instn. Mech. Engrs.—Proc., no. 1, 1924, pp. 1-14 and 
(discussion) 15-24, 6 figs. Account of elements of 
Constantinesco system of hydraulic transmission, and 
results of tests; elements of theory; power and etli- 
ciency calculations. 


PULVERIZED COAL 


Preparation and Utilization. Pulverized Cou 
Its Preparation and Utilization, R. Jackson. Enzgi- 
neer, vol. 137, no. 3555, Feb. 15, 1925, p. 179. Notes 
on pulverizers; pendulum mills; storage bins, feeders 
and burners. (Abstract.) Paper read before Coven 
try Eng. Soc. 

PUMPS, CENTRIFUGAL 

Turbine, for Boiler Feeding. Turbine Pump [or 
Boiler Feeding, C. H. S. Tupholme. Power Plant 
Eng., vol. 28, no. 5, Mar. 1, 1924, pp. 279-280, 4 figs 
Recent installations in Great Britain indicate growing 
use of turbine pump. 


REFRIGERATING MACHINES 


Ammonia Condensers. Investigations of Am- 
monia Condensers, T. Shipley. Power, vol. 59, no 
10, Mar. 4, 1924, pp. 364-367, 4 figs. Calls attention 
to important points in ammonia condensers, and dis 
cusses development of design of Hestonville condenser 
and reasons for assuming that such design would give 
better results than other types of condensers \b- 
stract.) Paper read before Nat. Assn. Practical Ke- 
frig. Engrs. 

SCREENS 

Perforated Metalware Manufacture. Produc- 
tion of Perforated Metalware. Iron Age, vol. 1!) 
no. 10, Mar. 6, 1924, pp. 701-705, 11 figs. Routing 
of materials and special punching arrangements [ca 
tures of Hendrick plant at Carbondale, Pa ; stee! and 
manganese bronze principal materials. 


STEAM POWER PLANTS 
Combined Diesel and Boiler Plant. i! Engines 


Practical Even if Process Steam Be Needed, |. 5 
LeClereq. Power, vol. 59, no. 9, Feb. 26, 1924, pp 
322-323, 2 figs. Dallas Oil & Refining Co. uses 
Diesel for power and boilers for process steam; results 


show considerable saving in power costs. 

St. Louis, Mo. Power for the Bridge & Beach 
Mfg. Co., Power Plant Eng., vol. 28, no. 5, Mar. |, 
1924, pp. 267-271, 8 figs. New power plan: of stove 
manufacturing plant in St. Louis as example of sinall 


power-plant construction; steam is generated in three 
O’Brien, Heine-type boilers equipped with Laclede- 
Christy chaingrate stokers; electric power is gene! ited 


by two 440-volt, 3-phase a.c. generators. 


STEAM TURBINES 

Blading. Steam Turbine Blading. Power. vol. 
59, nos. 6, 7, 8 and 9, Feb. 5, 12, 19 and 26, 192+, pP- 
200-204, 11 figs.; 251-254, 9 figs.; 293-296, 6 lgs., 
and 329-330, 2 figs. Describes commercial turbine 
blading, telling how to distinguish impulse from reac 
tion types, why some impulse blades are unsymmet 
rical and what general conditions govern blading 
materials; different types of blading, and recent 1m 
provements. 


STOKERS 

Underfeed. Underfeed Stokers and Economy ™ 
Coal, Jos. G. Worker. Mgt. & Administration, vo. 
7, no. 3, Mar. 1924, pp. 287-290, 7 figs. Develop- 
ment, operating principles, and applications to powef 
production. (Abstract.) Address before Chicage 
Section of A.S.M.E. 
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